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PREFACE -

Work reported herein was performed under the Space Station Phase B
‘Extension Period Sfudy (Contract NAS8-25140). The purpose of the Space
Station Extension Period has been to perform the Phase B definition of the
Modular Space Station, " The modular program selected during the option
period (low initial cost, incremental manning) was evaluated, requirements
defined, and program definition and design accomplished to the depth neces-
sary for exit frorh-Phase B. The initial 2-1/2 months effort of the extension
period was for analyses of the requirements associated with Modular Space
Station program options, During this period, a baseline incrementally
manned program has been derived with attendant experiment program options.
In addition, those features of the program that significantly affect the initial
development and early operating costs were identified, and their impact on
the program were assessed. This assessment, together with a recommended
program, were submitted for NASA review and approval on 15 April 1971,
The second .phase of the stﬁdy (15 April to 3 December 1971) consists of the
program definition and preliminary design of the approved Modular Spacé

Station configuration,

This report is submitted as part of DRL No, MF-01, '"Space Station Program
(Modular) Cost Estimates Document' which consists of the following volumes:
Volume I —Program Estimates

Volume II-Subsystem Estimates

Volume I, Program Estimates, contains the program, project, and system

level cost and schedule data,

Volume 11, Subsystem Estimates, contains the subsystefn cost and schedule
data as well as the appendices (WBS Task Descriptions and Cost Estimate
Data Form A).
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: Secfion 1
" INTRODUCTION

1.1 BACKGROUND
 With the advent of the Space Shuttle in the late 1970's, a long-term manned
scientific laboratory in Earth orbit will become feasible. Using the shuttle
for orbital buildup, logistics delivery, and return of scientiﬁc.dafa, this
laboratory will provide many advantages to the scientific community and will
make available to the United States a platform for application to the solution
of national problems, such as ecology research, weather observation and
prediction, and research in medicine and the life sciences. It will be ideally .
situated for Earth and space observation, and its location above the

atmosphere will be of great bene.ﬁ_t to the field of astronomy.

| This orbiting laboratory can take many forms and can be configured to house
a crew of ﬁp to 12 men. The initial study of the 33-foot-diameter Space
Station, launched By the Saturn INT-21 and supporting a complement of

12 crewmen, has been completed to a Phase Bile‘vel and documented in the
DRL-160 series. Recently completed studies are centered around a Space
Statipn comprised of smaller, shuttle-launched modules. These modules
could ultimately be configured to provide for a crew of the same size as on
the 33-foot-diameter Space Station, but buildup would be gradual, -beginning
with a small initial crew and progressing toward greéter capability by adding .

modules and crewmen on a flexible schedule.

The Modular Space Station, Phase A level, study results are documented in
the DRL~231 series. Recent Modular Space Station Phase B study results

' are documented in the DPD-235 series,‘ of which this is a volume.

The Space Station will provide laboratory areas, which like similar facilities
on Earth, will be designed for flexible, efficient changeover as research and

experimental programs proceed. Provisions for such functions as data



processing and evaluation, astfonomy support, and test and calibration of
optics will be included in the laboratory areas. Zero gravity, which is
desirable for the conduct of experiments, will be the normal mode of opera-
tion. In addition to experiments carried out within the station, the labora-

" tories will suppport operation of experiments in separate modules that are

either docked to the Space Station or free-flying.

Following launch and activation, Space Station operations will be largely
autonomous, and an extensive ground support complex will be unnecessary.
Ground activities will ordinarily be limited to long-range planning, control

of logistics, and support of the experiment program

The Initial Spaée Station (ISS), ‘which is shown in the first frontispiece, will
be delivered to orbit by three Space Shuttle launches and will be assembled
in space. A crew in the shuttle orbiter will accompany the modules to

assemble them and check interfacing functions.

ISS resupply and crew rotation will be carried out via round-trip shuttle
flights using Logistics Modules (Log M's) for transport and on-orbit storage
of cargo. Of the four Log M's required, one will remain on orbit at all

times.

The shuttle will deliver experiment modules to the Space Station, as
required by the experiment program. On return flights, the Shuttle will
transport data from the experiment prdg’ram", returning crewmen, and

wastes.

The Power/Subsystems Module will be launched first, followed at 30-day
intervals by the Crew/Operations Module and the General Purpose
Laboratory (GPL) Module. This basic ISS configuration will provide for a
crew of six. Subsequently, two additional modules (duplicate Crew/
Operations and Power/Subsystems Modules) will be mated to the ISS to form
the Growth Space Station (GSS) (shown in the second frontispiece), which will
house a crew of 12 and provide a capability equivalent to the 33-foot INT-21-
launched Space Station. GSS logistics support will use a Crew Cargo Module

capable of transporting a crew of six.



During ISS operations, five Research Applications Modules (RAM's) will be
assembled to the Space Station. Three of these modules will be returned
prior td completion of the GSS. In the GSS configuration, 12 additional
RAM's will augment the t§vo remaining from the ISS phase. Three of the
RAM's delivered to the GSS will be free-flying modules.

During the baseline 10-year program, the Space Station will be serviced by

- shuttle-supported Logistics Module or Crew Cargo Module flights.

1.2 SCOPE OF THIS VOLUME

The program and subsystem cost estimates and schedules in these volumes
have been prepared in accordance with the Modular Space Station Program
Definition (Phase B) Statement of Work, which calls for costs and schedules
to be prepared for the Modular Space Station Program, beginning with
Phase C and D implementation 'aﬁd continuing through the flight operations
phase of the program. All data were to be prepared at the appropriate
levelé and were to be consistent with the Work Breakdown Structure (WBS),

Figure 1-1.

The level of definition varied for the different elements and phases of the
program;' therefore, the costs and .schedules data varied as well. The costs
and schedules of all elements and phases were reported at the project,

Level 3, and summarized to the program Level 2. The Space Station
Project (ISS phase—first 5 years of operation) was reported to the ‘system
Level 4, and the (ISS) Space Station Modules-system was reported to the
subsystems Level 5, as indicated in the Space Station Project (ISS only)

WBS breakdown, Figure 1-2. ' '

Volume I, Program Estimates, contains the program, project and system

level cost, and scht_—:dule data.

Volume II, Subsystem Estimates, contains the subsystem cost and schedule

data, and the appendixes (WBS Task Descriptions and Data Form A).
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PRECEDING PAGE BLANK NOT FILMED

Sgction‘ 5

SUBSYSTEM LEVEL 5 - TOTAL'SUBSYSTEMS FOR SPACE STATION
MODULES - SPACE STATION PROJECT~ISS ONLY

- The Space Station Modules System is composed of the following subsystems,
which are defined in Appendix A:
e Structural and Mechanical

Electrical Power

Environmental Control and Life Support
Propulsion and Reaction Control
Guidance and Navigation
Communications '

Data Management

Crew Habitability

Stabilization and Attitude Control
Onboard Checkout and Fault Isolation

Experiment Support Equipment

Installation and Integration

The subsections that follow contain a cost summary and a development and
production schedule for each subsystem. These cost estimates were
developed at the subassembly and component ievels, in consonance with the
technical definitions, quantities, and location in the individual modules. The

cost of each subsystem includes the cost of spares as follows.



Spares as a
Percent of Total Subsystem Cost

' _ , Production Operations Total

Subsystem Spares (%) Spares (%) Spares (%)
~ Structural and Mechanical o 0.1 2.1 - 2.2
Electrical Power ‘ 1.0 119.0 120.0

Environmental Control ahd Life

Support 1.0 145.0 146.0
Propulsion and Reaction Control 1.0 95.0 96.0
Guidance and Navigation 1.0 100.0 101.0
Communications ' 0.5 110.0 110.5
Data Management 0.5 105. 0 105.5
Crew Habitability 1.0 95.0 96.0
Stabilization and Attitude Control 0.1 140.0 140.1
Onboard Checkout and Fault Isolation 5.0 78.0 83.0
Experiment Support Equipment 0.1 95.0 95.1

Equivalent quantities of development test and qualification test shipsets for
~each subsystem are tabulated in Table 5-1. It is noted that test article
costs assume that development test articles will be refurbished for reuse,
as possible, in the functional model, and that qualification test articles will
be refurbished, as possible, for reuse in the flight integration tool.

(Reference: Test article '"N'" definition in Appe_ndix A)

Each of the subsystem schedules shows design, development, test, and
manufacturing requirements. The Space Station module subsystem level
activities presented include design engineering; subsystem development test,
qualification test, and deliveries; and operational vehicle manufacturing

requirements.

The composite subsystem development and qualification test time spans are
established, based on the Space Station module system level time require-
ments as constrained by the program phase durations. The individual sub-
system development and qualification testing is performed initially during the
test time-spans allocated. Subsystem integration testing in the functional

model (FM) and flight integration tool (FIT) is then performed at the Space



Table 5-1

SPACE STATION MODULES SUBSYSTEMS,
EQUIVALENT DEVELOPMENT QUANTITY

(SHIPSETS)*
' v Devel_opr'nen.tv Qualification

WBS Subsystem Test Test
8x24 Ele‘ct1.-ica.1 Poner 0.8 1.2
8x05 EC/LS 0.5 0.4
8x59 Crew Habitability and Protection 0.4 6 4
8x23 Propulsion and Reaction Control 0.5 0.5
8x47 Data Management 0.4 0.4 |
8x56 Stabilization and Attitude COntrél- 0.5 0.5
8x46 Guidance and Navigation 1.0 1.2
8x07 Communications 0.5 0.6
8x57 On-Board Checkéut and

Fault Isolation 0.2 0.2
: 8x02 Structural and Mechanica;l 0.2 0.8
8x39 Experiment Support Equipment 0.8 1.0

*Shipset is Space Station Meodules equivalent (three modules’ worth)




Station module system level. Subsystem integration tests are predicated on
the concept that all subsystems must demonstrate their capability to operate
as systems without adverse interactions or deleterious side effects. Until
this demonstration is made, the subsystems cannot be considered fully
qualified. This philosophy also applies to existing hardware that has been

repackaged or slightly modified to meet new requirements.

Development tests are performed to determine and evaluate de sign
feasibility, functional parameters, technical data, packaging and fabrication
techniques, and environmental limitations. This category of testing includes
tests designed to deriflonstrate that the design meets the specified require-
ments, to identify critical areas where design improvement may be required,
or to identify primary failure modes or critical environments. They are
also used to demonstrate that the probability of passing qualification is
sufficiently high to warrant commitment of equipment to the qualification
test. These tests may be conducted at any hardware or software level, and
they include compatibility or integration tests. The qualification tests are

performed to demonstrate specification compliance.

A schedule for each of the subsystems is presented in the following sections.
The number of equivalent subsystems is based upon the data in Table 5-2.
The quantity shown in the columns "FM!' and "FIT" indicates the total
equivalent quantity of the subsystem units required to support the FM or FIT.
The subsystem equipmeﬁt for the FM and FIT comes from the subsystem
development test and the qualification test, respectively. The quantity

shown in the columns "Additional to FM' or '""Additional to FIT'" is the amount
'required in addition to that received from the subsystem development test or
qualification test. The one exception to this is in the structural and
mechanical subsystem, where the quantity for the FIT is a nonqualification

unit.

10
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5.1 STRUCTURAL/MECHANICAL SUBSYSTEM (WBS 2 x 75 x 02)

5.1.1 Summary

The structural and mechanical subsystém includes:

"A. The basic structure and all provisions for the structural accommo-

-dation of a six-man crew, the spacecraft subsystems, and an

expe

riment program.,

B. Mechanical equipment required for:

L
2,

3,

5,

Docking with experiment or logistics modules.

Space Station access, including hatches, airlocks, and view-

ports.
Antenna and solar array drive.
Cargo handling and transfer.

Extravehicular activity support.

This subsystem is illustrated in the WBS assembly-level breakdown in

Figure 5-1,
R294
(LEVEL 6) | STRUCTURAL/
MECHANICAL
(ASSEMBLY GROUPS)
(LEVEL 6)

STRUCTURAL MECHANICAL

ASSEMBLY ASSEMBLY
RADIATOR DOCKING PORT MECHANISM

METEOROID COVER
INSULATION
FORWARD SKIRT
TOROIDAL DOME

METEOROID SHIELD

SIDEWALL
PRESSURE FLOOR

Figure 5-1. Structural/Mechanical Subsystem Assembly Breakdown

(INCLUDING HATCH)

HATCHES (14)
(NONDOCKING)

VIEWPORTS (12)

AIRLOCK

DEPLOYMENT MECHANISMS
ANTENNA
ACQUISITION RADAR

TURRET (1)
TURRET DRIVE (1)

TUNNEL (1)

INTERNAL EQUIPMENT
MOUNTS
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Definition

The task definition of this WBS box is contained in Appendix A,

Cost Assumptions, Ground Rules, and Rationale

There are none in addition to those in Section 2. 1. 2.
5.1.2 Costs
5.1.2.1 Space Station Modules

Cost Methodology
The estimated costs have been developed from summations of cost estimates

at subordinate levels. The subordinate cost estimates were developed at one
- or more levels below that being reported., The costs reported at this level
include the cost of integrating the elements at the subordinate levels.

Cost Estimate
The total cost is estimated to ‘be $76 million, as follows:
DDT&E-—It is estimated that the DDT&E effort will cost $58 million,
begin 66 months prior to the milestone launch date of
October 1980, and require 43 months for completion.

Production—1It is estimated that the production effort will cost
$18 million, will begin 43 months prior to the milestone launch
date of October 1980, and will require 17 months for completion.
‘Operations—It is estimated that the operations effort will cost less than
$0. 5 million, will begin 28 months prior to the milestone .

launch date of October 1980, and will continue for 28 months.

Funding Distribution

Figure 5-2 is a summary chart that highlights the relationships of the cost
estimates to technical characteristics and schedules. It also presents an
overview of the funding allocations, both yearly and cumulatively by Govern-
ment fiscal year (midyear plot). DDT&E funding has been spread, using a
60-percent spread function, production funding was spread at 40 percent,

and operations funding is based on a composite spread function,

13
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5.1.2.1.1 Power/Subsystems Module
The estimated cost of the structural and mechanical subsystem for this

module is as follows:

1972 Dollars in Millions

DDT&E - Production '~ Operations Total
29 7 S 0o 37

5,1.2.1.2 Crew/ Operations Module

The estimated cost of the structural and mechanical subsystem for this

, quule is as follows

1972 Dollars in Millions

DDT&E Production Operations =~ Total

8 5 | 0 _ 13

5.1,2, 1.3 GPL Module

The schedule for the Space Station Modules structure and mechanical sub-

module is as follows:

: 1972 Dollars in Millions
DDT&E Production Operations ' Total

21 6 0 27

5.1.3 Schedule

The schedule for the Space Station Modules structure and mechanical sub-
system is shown in Figure 5-3. This schedule identified equivalent .
subsystem-level equipment requirements (Table 5-3) and development
activities required to design, test, and produce the subsystem. The schedule
shows major milestones, key events, and critical actions related to the

subsystem.

The structure and mechanical subsystem design engineering will start at
Phase C/D ATP, The design requirements and design approach required for
Preliminary Design Review (PDR) are established to meet the PDR date of
October 1976. The engineering release (ER) for the structure and mechanical

15
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Table 5-3

STRUCTURE AND MECHANICAL EQUIVALENT
SUBSYSTEM EQUIPMENT LIST LEGEND

Develop- Qualifi-  Addi- Addi- ' Opera-

ment - cation . tional tional tional

Test . Test FM to FM FIT to FIT Vehicle Spares
'NQU-1 : ' 0.9
NQU-2 0.2 ‘
QU-1 0.8 |
FA.1 . ' ' : 1.0 4 .
FA-2 o 0. 025

subsystem occurs 21 months after Phase C/D ATP and 9 months prior'to the
final Space Station Modules system ER data. The Critical Design'Review
(CDR) occurs 2 monfhs before the ER. The First Article Configuration
Inspection (FACI) is performed at the time of delivery of the flight hardware
in February 1979, The DDT&E begins with Phase C/D ATP and ends at
qualification test completion in October 1978.

The manufacturing time span begins with the nonqualification units in
October 1976 and ends when manufacturing of the production units for spares
is completed in July 1979. ‘ '

Two nonqualification units are produced, and one is shipped directly to the

" FIT upon completion of manufacture. The second nonqualification unit

(0. 2 equivalent) is used for a 6-month period in development testing of the -

subsystem. One qualificé.tion unit is produced for the qualification testing of
8-month duration. Additional testing is performed early in the development

phase at the component, subassembly, and assembly levels,

There are two areas of technical capability in the structural and mechanical
subsystem that are unique and will require special attention during the design :
and development period: structural analysis through computer redundant-

force analysis programs and mass properties management. The FORTRAN

17



Matrix Abstraction Technique (FORMAT) is a FORTRAN computer program
designed for direct and simple implementation of the extensive structural
technology published in matrix notation. Matrices up to 2, 000 order can be
accommodated in the basic FORMAT system; and a special version of the
displacement method, MINI-FORMAT, can solve statics problems up to

4, 000 order., The SA-49 (modified FORMAT III) computer program will be
applied to provide a highly automated system for analysis of large complex
structures, using thé force or displacemen£ method (finite element analysis).
The internal forces and deflections, criticé.l loads and buckling modes, and
resonant frequencies and vibration modes will be determined, using the
SA-49 program.  The loading can be mechanical or thermal, and both force

and displacement methods are fully implemerited.

Mass properties management for the Space Station will be more complex and
critical than previous programs to insure the fulfillment of the program

objectives and contractual requirements. This criticality is associated with
the éize of the Space Station, mission life, experiment program, and mass-

balance associated with the continuing logistics resupply.

The existing computer programs provide the weight analyst with an automatic
data processing capability to record and report mass properties from the

first stages of planning and development to the conclusion of the program.

The environmental criteria and design constraints require investigations and
special emphasis in three éreé.é: dynamic seals, lubrication, and the
structurallybintegrated meteoroid shield-;adia;tor-insulation concept.
Dyna.mic seals will be used to prevent or restrict loss of a gas or liquid
across and interface subject to translation or rotation. Designs incorpora-
ting rotating seals with the large diameters projected for the Space Station
program are not presently in production; performance data are therefore
not available. A development test program to investigate details of seal
design and type of materials to use, along with persistent attention to detail,

is required to provide seals with high reliability and long life.

18



An investigation of lubricants and accelerated life, testing in a simulated
space environment, is necessary to assure high reliability and long life for

operating mechanisms and cb’mponénts.

The search for efﬁcient structural configurations has led to an integrated
structural concept of a meteoroid shield- radiator-i:isula.tion system. The
complex design and functional 'requirements" between the three systems will
reqﬁire a systems design approach, with special attention given to detail
throughout the design phase to assure that the resulting concept is an

optimum design.

19



5.2 ELECTRICAL POWER SUBSYSTEM (WBS 2 x 75 x 24)

5.2.1 Summary

The electrical power subsystem includes a solar array power source,
deployment and orientation mechanisms, energy management equipment,
storage and regulation equipment, power conditioning equipment, and power

distribution protection and switching assemblies.

This subsystem is illustrated in the WBS assembly level breakdown in

Figure 5-4.

Definition

The task definition of this WBS box is contained in Appendix A,

Cost Assumptions, Ground Rules, and Rationale

There are none in addition to those in Section 2. 1. 2.
5.2.2 Costs
5.2.2.1 Space Station Modules

Cost Methodology

The estimated costs have been developed from summations of cost estimates

at subordinate levels. The subordinate cost estimates were developed at

one or more levels below that being reported. The costs reported at this

level include the cost of integrating the elements at the subordinate levels.

Cost Estimate

The total cost is estimated to be $157 million, as follows:
DDT&E—It is estimated that the DDT&E effort will cost $94 million,
will begin 66 months prior to the milestone launch date of

October 1980, and will require 57 months for completion,

Production—It is estimated that the production effort will cost
$29 million, will begin 38 months prior to the milestone
launch date of October 1980, and will require 22 months

for completion,

20
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Operations—1It is estimated that the operations effort will cost
$34 million, will begin 18 months prior to the milestone
launch date of October 1980, and will continue for

19 months.

Funding Distribution .
Figure 5-5 is a summary chart that highlights the relationships of the cost

estimates to technical characteristics and schedules., It also presents an
overview of the funding allocations, both yearly and cumulatively by
Government fiscal year (midyear plot). DDT&E funding has been spread,
using a 60-percent spread function, production funding was spread at

40 percent, and operations funding is based on a composite spread function.

5.2.2.1.1 Power/Subsystems Module

The estimated cost of the electrical power subsystem for this module is as

follows:
1972 Dollars in Millions
DDT&E Production Operations Total
84 23 28 135

5.2.2.1.2 Crew/Operations Module

The estimated cost of the electrical power subsystem for this module is as

follows: .
v 1972 Dollars in Millions
DDT&E Production Operations Total
5 -3, 3 11

5.2.2.1.3 GPL Module

The estimated cost of the electrical power subsystem for this module is as

follows:
1972 Dollars in Millions
DDT&E Production Operations Total
5 3 3 11

22
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Figure 5-5. Electrical Power Subsystem Summary Chart
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5.2.3 Schedule _ _

The schedule for the Space Station Modules electrical power subsystem is

shown in Figure 5-6. This schedule identifies equivalent subsystem-level
equipment requirements (Table 5-4) and development activities required to
design, test, and produce the subsystem. The schedule provides major

milestones, key events, and critical actions related to the subsystem.

The electrical power subsystem design engineering starts at Phase C/D
| ATP, Major subcontractor ATP occurs 8 months into Phase C/D to establish
the design requirements and design approach required for Preliminary
Design Review (PDR). The engineering release (ER) for the electrical
‘power subsystem occurs 30 months after Phase C/D ATP and is coincident
with the Space Station Modules system ER final date. The Critical Design
Review (CDR) occurs 2 months before ER. The First Article Configuration
Inspection (FACI) is performed at the time of delivery of the flight hardware
in November 1979, The DDT&E bégins with Phase C/D design and ends at

qualification test completion in October 1979.

The manufacturing time span begins with the nonqualification units in
October 1976 and is completed with the manufacturing of the production

units for spares in August 1980.

One nonqualification unit is produced and used in development testing of

the subsystem. Three months before the completion of the test, 50 percent
of the unit is shipped to the functional model. A second nonqualification
unit is shipped directly to the FM upon completion of manufacture. One
qualification unit is produced for the qualification testing. Three months
- before completion of the qualification test, 60 percent of the unit is

shipped to the flight integration tool for integration and testing. A second
qualification unit is shipped directly to the FIT upon completion of
manufacture, Additional testing is performed early in the development

phase at the corﬁponent, vsubassembly, and assembly levels.
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Table 5-4

ELECTRIC POWER EQUIVALENT SUBSYSTEM EQUIPMENT
' ' LIST LEGEND ‘

Develop- Quajlit.'i- Addi- ~ Addi- Opera-

ment cation tional . tional tional

Test Test FM toFM Fit to FIT Vehicle Spares
NQU-1 0.8 0.7
NQU-2 ' 0.2
QU-1 1.2 0.8
QuU-2 | | 0.2
bFA-l : : 1.0
FA-2 | | 1. 07

The EPS will require unique design, development, and test activities,
primarily in the elements of the solar array and deployment and orientation
assemblies. The array system utilizes two solar array wings for a total
of 492 m? (5, 300 sq ft) in area. Each wing is composed of two contained
packages of flat-folded flexible substrate array blankets and one truss
structure extendible mast (an Astro-mast). Each package contains a
quadrant of the two-wing array. The mast is deployed between the two
array blanket packages. The teps of the blanket packages act as a tee
across the outboard end of the boom and pull the array blankets outward
during mast deployment. The two canisters containing the deployable
booms for the two array wings are attached to either side of a central
turret, which contains the wing tracking drives and the array power-
transfer assemblies. By rotating the deployment booms about their
longitudinal axis of the power module, 360 degrees, two-axes tracking
of the two array wings is accomplished. The solar array panels,
orientation drive, and power transfer systems are defined as the major
problem areas, and they will require extensive investigation, develop-

ment, and qualification,
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Many of the components and agssemblies used in the other assembly groups
have been'employed in other programs and are categorized as standard
equipment design, However, difficulties relating to development of
energy storage, power regulation and control, and power management
will require detail attention and developﬁient verification to assure all"

technical characteristics are achieved. '
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5.3 ENVIRONMENTAL CONTROL AND LIFE SUPPORT
SUBSYSTEM (WBS 2 x 75 x 05)

5.3.1 Summary
The EC/LS subsystem includes the equipment that provides:
Atmos pheré supply and control
Atmosphere regeneratioﬁ
Atmosphere purification
Water management ‘
Waste. management
IVA/EVA equipment

Thermal control

This subsystem is illustrated in the WBS assembly level breakdown in

Figure 5-7,

Definition

The task definition of this WBS box is contained in Appendix A.

Cost Assumptions, Ground Rules, and Rationale

There are none in addition to those in Section 2. 1. 2.
5.3.2 Costs
5.3.2.1 Space Station Modules

Cost Methodology

The estimated costs have been developed from summations of cost estimates

at subordinate levels. The subordinate cost estimates were developed at one
or more levels below that being reported. The costs reported at this level

include the cost of integrating the elements at the subordinate levels.
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Cost Estimate v v
The total cost is estimated to be $144 million, as follows:
DDT&E - It is estimated that the DDT&E effort will cost $94 million,
| will begin 66 months prior to the milestone launch date of

October 1980, and will require. 52 months for completion.

Production - It is estimated that the production effort will cost
$20 miliion, will begin 37 months prior to the milestone launch
date of October 1980, ard will require 17 months for completion.
Operations — It is estimated that the operdtions effort will cost
$30 million, will begin 23 months prior to the rhilestone launch

date of October 1980, -and will continue for 12 months..

Funding Distribution

Figure 5-8 is a summary chart that highlights the 'relba.ti_onships of the cost
estimates to technical characteristics and schedules. It also presehts an
overview of the funding allocations, both yearly and cumulatively by
Government fiscal year (midyear plot). DDT&E funding has been spread,
using a 60 - percent spread function, proeduction funding was spread at

40 percent, and operations funding is based on a composité spread function.

5.3.2.1.1 Power/Subsystems Module

The estimated cost of the environmental control and life support subsystem

for this module is as follows:.

1972 Dollars in Millions

DDT&E " Production - Operations Total
29 7 10 47

5.3,2.1.2 Crew/Operations Module

The estimated cost of the environmental control and life support subsystem

for this module is as follows:

1972 Dollars in Millions -

DDT&E Production > Operations Total
41 1 10 58
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5.3.2.1.3 GPL Module

The estimated cost of the envirbnn1ed§al control and life support subsystem

for this module is as follows:

1972 Dollars’) in Millions s

DDT&E - Production Operations Total
24 6 19 39

5.3.3 Schedule

The EC/LS subsystem design engineering starts at Phase C/D ATP. (See
Table 5-5 and Figure 5-9.) Major subcontractor ATP occurs 10 months into
Phase C/D to establish the design requirements and design approach required
for Preliminary Design Review (PDR). It will be necessary to select
assembly-level subcontractors early in Phase C/D to allow them sufficient
time to complete their development and to meet the schedule requirements.,
Before the major subcontractor receives ATP, such activities such as
specification release, request for bids, proposé.l preparation, and evaluation

must be completed.

The engineering release (ER) for the EG/LS subsystem occurs 25 months
after Phase C/D ATP and 5 months before the Space Station Modules system
ER final date. The Critical Design Review (CDR) occurs 2 months before
ER. The First Article Configu.ration Ins pec.tion (FACI) is performed at the
time of delivery of the flight hardware in October 1979. The DDT&E begins
with Phase C/D ATP and ends at qualification test completion in April 1979,

Table 5-5

ENVIRONMENTAL CONTROL AND LIFE SUPPORT
EQUIVALENT SUBSYSTEM EQUIPMENT
LIST LEGEND .

Develop- Qualifi- Addi- Addi- Opera-

ment cation . tional tional tional
Test Test FM to FM FIT to FIT Vehicle Spares
NQU-1 0.5 0.2
QU-1 0.4 1.0
QU-2 0.8
FA-1 1.0
FA-2 2.06
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The manufacturing time span begins with the nonqualification units in _
St_eptember 1976 and is completed with manufacture of the production units

for spares in June 1980,

One nonqualification unit 'is produced and used in development testing
(9-month duration) of the subsystem. At the end of 3 months, approximately
20 percent of the unit is shipped to the functional model (FM). One qualifica-
tion unit is produced for the qualification testing (l1l1-month duration). Three
months before the completion of the qualification test, 20 percent of the unit
is shipped to the flight integration tool (FIT) for integration and testing. A
second qualification unit is shipped directly to the FIT upon completion of
manufacture. Additional testing is performed early in the development

phase at the component, subassembly, and assembly levels.

The EC/LS subsystem is composed of many different assemblies that require
integration with each other and with the configuration. A diversity of
technology is required to develop a successful subsystem, including high-
preésure gas storage, atmosphere pressure and composition control,

vacuum pumping, conventional atmosphere temperature and humidity control,
atmqspheré CO3 control via adsorptive beds, membrane electrochemistry,

urine and wash water purification, and fluid-heat transport circuits.

The key problems at the assembly level are the development of the urine,
wash water, and condensate water recovery assemblies. These represent
the most difficult developfnent problems, and SRT funding is required. The
depth of funding and the success achieved in the SRT development will affect
the magnitude of the development problem in Phase C/D.

The key subsystem-level probletﬁs are (1) the integration of the many assem-
blies so that they are compatible with each other and (2) the integration of
these assemblies into the configuration. Many of these assemblies, such as
atmosphere temperature control, atmosphere Ventilation, and the heat-
transport circuits, are sensitive to the configuration. Therefore, (it is vital
to complete an integrated EC/LS subsystem-level test with a simulated

installation before final qualification of the assemblies.
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5.4 PROPULSION/REACTION CONTROL SUBSYSTEM
(WBS 2 x 75 x 23)

5.4.1 Summarz

This subsystem provides the thrust impulse required to maneuver and
position the Space Station in érbit. Station P/RCS is comprised of a
high-thrust bipropellant system and a low-thrust resistojet syétem. The
high-thrust system provides the final orbit adjustment, maneuvers,
scheduled disturbances and backup attitude control. The low thrust system

will provide the orbit keeping and CMG desaturation functions.

This subsystem is illustrated in the WBS assembly level breakdown in

Figure 5-10.

Definition
The task definition of this WBS box is contained in Appendix A.

R204
(LEVELS) | pROPULSION SUBSYSTEM
(ASSEMBLY GROUPS)
(LEVEL 6)
HIGH-THRUST ' : LOW-THRUST
PROPULSION PROPULSION
PRESSURIZATION SUBSYSTEM - PROPELLANT SUBSYSTEM
PRESSURANT STORAGE : COLLECTION AND STORAGE
PRESSURANT CONTROL CONTROL SUBSYSTEM
PRESSURANT RESUPPLY FLOW CONTROL
PROPELLANT SUBSYSTEM : POWER DISTRIBUTION AND
PROPELLANT STORAGE . : CONTROL
~ PROPELLANT RESUPPLY : THRUSTOR SUBSYSTEM
THRUST SUBSYSTEM THRUSTOR MODULE:

THRUSTOR MODULE
PURGE SUBSYSTEM
PURGE ASSEMBLY
EXPENDABLES
PRESSURANT
PROPELLANT

Figure 5-10. Propulsion Subsystem Assembly Breakdown
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Cost Assumption, Ground Rules and Rationale

Thér,e are none in addition to those in Section 2.1. 2.
5.4.2 Costs
5.4.2.1 Space Station Modules

Cost Methodology

The estimated costs have been developed from summations of cost estimates
at subordinate levels. The subordinate cost estimates were developed at
one or more levels below that being feported. The costs reported at this

level include the cost of integrating the elements at the subordinate levels.

Cost Estimate

The Total Cost is estimated to be $35 million, as follows:
DDT&E~-It is estimated that the DDT&E effort will cost $19 million,
will begin 66 months prior to the milestone launch date of
‘ October 1980, and will require 48 months for completion.
Production—It is estimated that the production effort will cdst
$8 million, will begin 36 months prior to the milestone
launch date of October 1980, and will require 13 months for
completion.
Operations —It is estimated that the operation effort will cost $8 million,
will begin 25 months prior to the milestone launch date of

October 1980, and will continue for 13 months.

Funding Distribution

Figure 5-11 is a summary chart which highlights the relationships of the
cost estimates to technical characteristics and scHedules. It also presents
an overview of the funding allocations, both yearly and cumulatively by
Government fiscal year (midyear plot). DDT&E funding has been spread
using a 60 percent spread function, while production funding was spread at

40 percent, and operations funding is based on a composite spread function.
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5.4.2.1.1 Power/Subsystems Module

The estimated cost of the propulsion/reaction control subsystem for this

module is as follows: .
| | 1972 Dollars in Millions

DDT&E - Production OEerations' A Total
8 3 - 3 14

5.4,2.1.2 Crew/Operations Module

The estimated cost of the propulsion/reaction control subsystem for this

module is as follows:
1972 Dollars in Millions

DDT&E Production _ Operations Total
11 | 5 _ 5 21

5.4.2.1.3 GPL Module

The estimated cost of the propulsion/reaction control subsystem for this

module is as follows:
1972 Dollars in Millions

DDT&E Production Operations Total

0 0 | 0 0

5.4,3 Schedule

The schedule for the Space Station Modules propulsion subsystem is shown
in Figure 5-12. This schedule identifies equivalent subsystem level
equipment requirements (Table 5-6) and development activities required to

design, test, and produce the subsystem.

The propulsion design engineering will start at Phase C/D ATP. Major
subcontractor ATP occurs 8 months into the Phase C/D to establish the
design requirements and design approach required for Preliminary Design
Review (PDR). Specification control drawings must be prepared, approved,
and submitted for bid to allow for early selection of vendor. The engineer-
ing release (ER) for the propulsion subsystem 6ccurs 24 months after

Phase C/D ATP and 6 months prior to the final Space Station Modules system
ER date. The Critical Design Review (CDR) occurs two months before ER.
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Table 5-6
PROPULSION/REACTION CONTROL EQUIVALENT SUBSYSTEM
EQUIPMENT LIST LEGEND

Develop- Qualifi- Addi- Addi- Opera-

ment cation tional tional = ‘tional
Test Test FM toFM FIT toFIT Vehicle Spares
- NQU-1 0.5 0.2
QU-1 0.5 ‘ 0.9
QU-2 - 0.6
FA-1 o | 1.0 |
FA-2 . 0.985

The First Article Configuration Inspection (FACI)is performed at the time of
delivery of the flight hardware in June 1979. The DDT&E begins with

Phase C/D design and ends at qualification test completion in December 1978,

The manufacturing time span begins with the nonqualification units in
October 1976 and is completed with the manufacture of the qualification

units for spares in January 1980.

One nonqualification unit is produced and used in development testing
(13-months duration) of the subsystem. Three months before c‘ompletion‘
of the test on the first unit, 20 percent of it is shipped to the functional
model. One qualification unit is produced for the qualification testing
(9-months duration). Twé months before completion of the qualification
tests, 30 percent of the unit is shipped to the. flight integration tool for
integration and testing. A second qualification unit is shipped to the FIT
upon completion of manufacture. Additional testing is performed early in

the development phase at the component, subassembly, and assembly levels.
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The Space Station requirements for a 10-year operational life with
maintainable subsystems pose some new and severe requirements on the
propulsion subsystem. In pafticular, contamination of external surfaces
with exhaust products must be minimized and maintenance provisions for
toxic propellant assemblies and éxternally-mounted thrustors must be
developed. Present ground .dlecontamination and purging procedures have
wasted consumables and have depended to é large degree upon atmospheric
~ dilution to reduce toxicity. Careful preplanning of the procedure investiga-
tion must precede the design phase; strict attention to design detail will be

required to provide a workable maintenance activity.

The integration of the low-thrust (CO2 biowaste resistojet) with the EC/LS
subsystem molecular series is a new concept; therefore, the control mode
analysis, conshmption schedule, and intersys‘tem response characteristics
must be studied in detail. The mechanical design of the subsystem, other
than thrustors, is straightforward. The necessary thrustor design and
 development effort will be provided by SRT activity. Results of the SRT )

programs will be used as soon as available to update subsystem design.

The high-thrust (N2H4) assembly design is largely within the present state
of the art. Special emphasis must be placed upon surface contamination and
thrustor life. Both of these areas have been noted in the SRT requirerﬁents.
Wherever possible, items previously developed for similar applications

will be selected. The thrustor development for both the high- and low-thrust

assemblies will be major subcontracts.

The propulsion subsystem development tests will be performed on both
subsystem and assembly levels. For example, test firings of thrustor
modules under simulated altitude conditions will be required to verify
adequate protection against heat soak back, thermal effects on adjacent
structure, and exhaust contamination. Subsystem level nonfiring thermal

vacuum tests will be required to verify heater adequacy and electrical loads.
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The high-thrust system development tests will consist of a completé
subsystem installation which will be hot-fired after preliminary checkout
for a series of duty cycles. The testing will include prdcedure development
tasks to ensure that loading, resupply, decontamination, and repair can be
performed on-orbit with a minimum crew involvement. The subsystem
tests anticipated can readily be conducted at the Sacramento Test Center
Gamma facility. Vacuum testing of the complete subsystem is not

anticipated.

The low-thrust system development tests will be similar to those discussed
for the high-thrust. If practical, integration with the EC/LS subsystem

is desirable; however, the worth of such testing can only be determined
after future SRT exploration in this area has been completed. The small
thrustors and safer propellants can possibly allow testing to be done

in a factory rather than a test area.

Most qualification testing will be conducted at the component level with
combined environments. Subsystem qualification testing will use the
development test setup, with updated components. Imposed environments

will be minimized as far as practical in favor of severe component. testing.
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5.5 GUIDANCE AND NAVIGATION SUBSYSTEM

(WBS 2 x 75 x 46)

5.5.1 Summary

The guidance and navigation (G/N) subsyétem provides station navigational

information to be used by' expérimen_ts, logistiés vehicles, experiment mod-

ules, etc. and generates guidance commands for orbit keeping and maneu-

vers. The G/N equipment consists of position and velocity sensors,

electronics for sensors and computer interfaces, and display and control

elements,

This subsystem is illustrated in the WBS assembly level breakdown in

Figure 5-13.
R294
(LEVEL 5) | GUIDANCE AND
NAVIGATION
(ASSEMBLY GROUPS)
(LEVEL 6)
:Z:'ETRUE%ECE NAVIGATION CONTROL

INERTIAL REFERENCE
UNIT (GYRO PACKAGE)

HOR{ZON SENSOR

STAR SENSOR
(STRAPDOWN)

STAR TRACKERS
{GIMBALED)

SENSOR INTERFACE
ELECTRONICS

COMPUTER ‘
(MSFN GROUND TRACKING)

Figure 5-13. Guidance, Navigation, and Control Assembly Breakdown

CONTROL ELECTRONICS
(JET DRIVERS) -

CMG'S
CMG ELECTRONICS
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Definition

The task definition of this WBS box is contained in Appendix A.

Cost Assumptions, Ground Rules and Rationale

There are none in addition to those in Section 2. 1. 2.

5.5.2 Costs

5.5.2.1 Space Station Modules

Cost Methodology

The estimated costs have been developed from summations of cost estimates
at subordinate levels. The subordinate cost estimates were developed at one
or more levels below that being reported. The costs reported at this level

include the cost of integrating the elements at the subordinate levels.

Cost Estimate

The Total Cost is estimated to be $6 million, as follows:

DDT&E~—]t is estimated that the DDT&E effort will cost $5 million, will
begin 66 months prior to the milestone launch date of
October 1980, and will require 52 months for completion.

Production—It is estimated that the production effort will cost $1 million,
will begin 31 months prior to the milestone launch date of
October 1980, and will require 13 months for completion.

Operations —It is estimated that the operation effort will cost less than
$0. 5 million, will begin 19 months prior to the milestone launch

date of October 1980, and will continue for 12 months.

Funding Distribution

Figure 5-14 is a summary chart which highlights the relationships of the cost
estimates to technical characteristics and schedules, It also presents an
overview of the funding allocations, both yearly and cumulatively by Govern-
ment fiscal year (midyear plot). DDT&E funding has been spread using a |
60 percent spread function, while production funding was spread at 40 per-

cent, and operations funding is based on a composite spread function.
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5.5.2.1.1 Power/Subsystems Module

The estimated cost of the guidance and navigation subsystem for this module

is as follows:

1972 Dollars iih Millions

DDT&E Production . Operations Total
5 1 0 6

5.5.2.1.2 Crew/Operations Module

The estimated cost of the guidance and navigation subsystem for this module

is as follows: L
1972 Dollars in Millions

DDT&E Production ~ Operations Total
0 0 0 0

5.5.2.1.3 GPL Module .

The estimated cost of the guidanée and navigation subsystem for this module

is as follows:
1972 Dollars in Millions -

DDT&E Production Oeerations Total
0 . 0 ' 0 0

5.5.3 Schedule

The schedule for the Space Station module G/N subsystem is shown in

Figure 5-15. This schedule identifies equivalent subsystem-level equipment
requirements (Table 5-7) and development activities required to design, test,
and produce the subsystem. The schedule provides major milestones, key

events, and critical actions pertaining to the subsystem.

The G/N subsystem design engineering starts at Phase C/D ATP. Major
subcontractor ATP occurs 8 months into Phase C/D to establish the design
requirements and design approach required for Preliminary Design Review
(PDR). The engineering release (ER) for the G/N subsystem occurs

27 months after Phase C/D ATP and is 3 months prior to the Space Station

module system ER final date,
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‘Table 5-7

GUIDANCE, NAVIGATION, AND CONTROL EQUIVALENT
SUBSYSTEM EQUIPMENT LIST LEGEND

Develop- Qualifi- Addi- Addi- Oper-

ment cation tional tional tional
Test Test FM to FM FIT to FIT Vehicle Spares
NQU-1 1.0 0. 6
QU-1 | 1.2 0.4
FA-1 ' - 1.0
FA-2 | . 1.031

The Critical Design Review (CDR) occurs 2 months before ER. The First
Article Configura_ti'on Inspection (FACI) is performed at the time of delivery
of the flight hardware August 1979. The DDT&E begins with Phase C/D ATP

and ends at qualification test completion in April 1979,

The manufacturing time span begins with the nonqualification units in
November 1976 and is completed with the manufacture of the production units
for spares in May 1980. One noncjuali'fication unit is produced and used in
developmeht testing (l1-year duration) of the subsystem. Four months before
completion of the test, approximately 60 percent of the unit is shipped to the
functional model (FM). A second nonqualification unit is shipped directly to -
the FM upon completion of manufacture. One qualification unit is produced
for the qualification testing (9-month duration), Three months before com-
pletion of the qualification test, approximately 40 percent of the unit is
shipped to the flight integration tool (FIT) for integration and testing, Addi-
tional testing is performed early in the development phase at the component,

subassembly, and assembly levels.

The G/N subsystem uses several'unique design approaches in sensing, com-
putihg, and control actuation that require both unique technical capabilities
and special attention. Key items are:

A. G/N software integration

B. G/N software development
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C. Maintainable control moment gyro design

D. Dynamic analysis

Mechanical designs for a maintainable CMG are expected to be developed by
SRT programs. Integration of CMG's with such design features will require
special attention to installation location,’ access, maintenance procedure,

and fault isolation. Maintainable CMG's will feature on-orbit replacement of
the bearings spin motors and torques since these components are life limited.
Considerable savings in logistics cost can be anticipated over a 10-year

program with this desigh approach.

Integration of the G/N computer functions into the subsystem, with the
accompanying software to perform computation of attitude reference, navi-
gation, station attitude control, subsystem self-check, instrumenf calibra-
tion, etc., will require specialized technical capabilities in digital computer,.
interface, and software development and integration. The key to success in
accomplishing this integration is good technical coordination based on sound
specifications. Potential problems are expected in the interface compatibil-

ity areas both in hardware and software.

Dynamic analysis and simulation of the Space Station and control system for
the zero-g operations will require special attention and technical capabilities.
Detail structural dynamic characteristics of the station will not be available
early in the program. The control system design approach must allow for
adaptation to the eventually defined dynamic characteristics of the station.
Analysis capability early in the program will enhance the confidence in the
 control system design approach. Failure to perform adequate analysis and
simulation will increase the probability of major design changes and rede-

sign of the G/N subsystem.
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5.6 COMMUNICATIONS SUBSYSTEM (WBS 2 x 75 x 07)

5.6.1 Summary

The Space Station communications subsystem provides:
A. Space Station/ground communications
B. Space Station/shuttle communications

C. Space Station/RAM communications

It consists of antennas, amplifiers, receivers, transmitters with appropriate
switching and multiplexing units, TV cameras, audio control, etc. This
subsystem is illustrated in the WBS assembly level breakdown in

Figure 5-16.

Definition

The task definition of this WBS is contained in Appendix A.

Cost Assumptions, Ground Rules and Rationale

There are none in addition to those in Section 2. 1. 2.

R294
COMMUNICATIONS (LEVEL 5)
{ASSEMBLY GROUPS)
(LEVEL 6)
1 1
VHF RADIO S-BAND RADIO Ky-8AND RADIO
FREQUENCY FREQUENCY FREQUENCY
VOICE XMTR/RCVR (2) PM TRANSPONDER (2 POWER AMPLIFIER (6)
DATA XMTR/RCVR (2) EM EXCITER (1) EXCITER (6)
EVA XMTR/RCVR (3) POWER AMPLIFIER (2) EXCITER MODEM (6}
EVA XMTR/RCVR MODEM (1) RANGING UNIT (1) LOW-NOISE RCVR (6)
TRACKING RCVR (6]
PM RCVR (1)
EM RCVR (1)
1 ' 1 . 1
LOW-GAIN HIGH-GAIN INTERNAL
ANTENNA ANTENNA COMMUNICATIONS
VHF ANTENNAS (3) REFLECTOR AND FEED (3) AUDIO TERMINAL UNITS {18)
VHF DIPLEXERS (3) POSITIONER AND SERVO CONTROL (3) ANALOG SYNC/TEST UNIT (2)
VHF MULTIPLEXERS (2) MICROWAVE NETWORK (3}
S-BAND ANTENNAS (3) WAVEGUIDE AND CABLING (3}
S-BAND TRIPLEXER (1) MAST (3)
VHF/S-BAND COAX

Figure 5-16. Communications Subsystem Assembly Group Breakdown
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5.6.2 Costs
5.6.2.1 Space Station Modules

Cost Methodology
The estimated costs have been developed from summations of cost estimates

at subordinate levels. The subordinate cost estimates were developed at one
or more levels below that being reported. The costs reported at this level

include the cost of integrating the elements at the subordinate levels.

Cost Estimate
The total cost is estimated to be $59 million, as follows:
DDT&E-It is estimated that the DDT&E effort will cost $39 million, will
begin 66 months prior to the milestone launch date of

October 1980, and will require 54 months for completion.

Production—1It is estimated that the production effort will cost $10 mil-
lion, will begin 35 months prior to the milestone launch date of
October 1980, and will require 16 months for completion.

Operations —It is estimated that the operation effort will cost $10 mil-
lion, will begin 22 months prior to the milestone launch date of

October 1980, and will continue for 15 months.

Funding Distribution
Figure 5-17 is a summary chart which highlights the relationships of the cost

estimates to technical characteristics and schedules. It also presents an
overview of the funding allocations, both yearly and cumulatively by Govern-
ment fiscal year (midyear plot). DDT&E funding has been spread using a

60 percent spread function, while production funding was spread at 40 per-

cent, and operations funding is based on a composite spread function,

5.6.2.1.1 Power/Subsystems Module

The estimated cost of the communications suBsystem for this module is as

follows:
1972 Dollars in Millions
DDT&E Production Operations ’ Total
11 3 3 1T
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5.6.2.1.2 Crew/Operations Module

The estimated cost of the communications subsystem for this module is as

follows: ‘ _ ‘
1972 Dollars in Millions »
DDT&E - Production ' Operations _ Total"

28 7 ' T | 42

5.6.2.1.3 GPL Module

The estimated cost of the communications subsystem for this module is as

follows: ‘ _
1972 Dollars in Millions .
DDT&E Production Operations ~ Total
o 0 o 0 0

5.6.3 Schedule

The schedule for the Space Station module communications subsfstem is
shown in Figure 5-18. This schedule identifies ‘equivalent subsystem level
equipment requirements (Table 5-8) and de;relopment activities required to
design, test, and produce the subsystem. The schedule provides major

milestones, key events, and critical actions related to the subsystem.

The communications design engineering will start at Phase C/D ATP. Major
subcontractor ATP occurs 9 months into: P'hase‘ C/D to establish the design
requirements and design épproach required for Preliminary Design Review
(PDR). The ER for the communications subsystem occurs 24 months after
Phase C/D ATP, and is 6 months before the Space Station Modules system ER
final date., The CDR occurs 2 months before ER. The FACI is performed

at the time of delivery of the flight hardware in August 1979. TheiDDT&E
beging with Phase C/D ATP design and ends at qualification test completion
in April 1979, | |

The manufacturing time span begins with the nonqualification units in

November 1976 and is completed with the manufacture of the production units

for spares in May 1980. One nonqualification unit is produced and used in
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Table 5-8

COMMUNICATIONS EQUIVALENT SUBSYSTEM EQUIPMENT
© LIST LEGEND

Develop- Qualifi- Addi- Addi- Opera-

ment - cation . tional tional tional
Test Test FM to FM FIT to FIT Vehicle Spares
NQU-1 0.5 0.6
NQU-2 - 0.2
QU-1 0.6 | 0.5
. QU-2 , 0.2
FA-1 o 1.0
FA-2 | - - 191

development testing of the subsystem for a 12-month period. At the end of
8 months of the test 80 percent of the unit is then delivered to the functional
module. A second .nonqualification unit (0.2 equivalent) is shipped directly
to the FM upon completion of manufacture. One qualification unit is pro-
duced for the qualification testing of 9-months duration. Three months
before completidri of the qualification test, approximately 80 percent of the
unit is shipped to the flight integration tool (FIT) for integration and testing.
Additional testing is performed early in the development phase at the com-

ponent, subassembly, and assembly levels.

The mission requirementé for the Space Station have imposed reliability
levels on the communications subsystem which are, in many cases, several
orders of magnitude greater than previously encountered. To meet these
requirements, it will be necessary to apply all of the known techniques for
the design and production of reliable equipment and in many cases extend
these techniques to that which will be available in the 1975 to 1980 time
period. In certain areas, this will require technology investiga.tions to |
extend the state of the art and provisions for achieving the necessary reli-

ability levels,
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The high-gain antenna systerﬁ which is located externally is partiCularly
important., The high-gain positioner contains electromechanical and mech-
anical components that are quite susceptible to failure. In addition, the '

Igl—Aband RF equipment is located externally at the end of the antenna mast.

According to preliminary estimates of the assembly-level operational mean-
time-between-failure, the K;-band transmitters used as the primary com-
munications link from the Space Station to the relay satellite appear to have
the highest failure rate. Effort should be initiated early to ensure that

higher reliability components will be available.

There are several elements of the communications subsystem which have
unique testing and installation requirements; one such is the high-gain
antenna assembly. It is not feasible to perform operational tests of the
complete high-gain antenna assembly after it has been installed on the Space
Station. Therefore, it will be necessary to verify system perfdrma.nce and
perform simulated operational-procedure tests at subcontractor facilities,
The flight hardware would be mated to the flight vehicle at the launch site.
This procedure was used during the Apollo Program to mate the high-gain

antenna system to the service module.

‘To verify the omnidirectional antenna radiation patterns, either a full-scale
or a partial-scale vehicle model must be provided and the patterns cut on an
antenna range. This model must accurately reflect the outboard vehicle
profile in all respects to perform valid tests. The capability to perform thi.s
type of testing exists within MDAC-WD.

In addition to the RF system (excluding the antennas) and onboard telephone
system development testing, extensive integration testing to verify compat-
ibility with the other vehicle subsystems will be required during the func-

tional model (FM) and flight integration tool (FIT) tests.

Before preparirig firm specifications, the performance requirements and
characteristics of the other interfacing program elements must be firmly

defined. This includes the shuttle, free-flying experiment modules, and the
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data relay satellite, ‘The transmitter power output, receiver sensitivity,
and antenna system gain are all affected by the performance requirements
and characteristics of the other program elements. In addition, the inter-

faces and characteristics of the other vehicle subsystems must be firmly
established.
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5.7 DATA MANAGEMENT SUBSYSTEM (WBS 2 x 75 x 47)

5.7. 1 Summary '
The data management subsystem consists of all the necessary equipment to
transfer, store, and process Ada}ta to and from users and subsystems. It is

a modularized multiprocessor speéifically consisting of processors, memory
storage units, switching units, peripheral devices, data adaptérs, coders,
decoders, time synchronbus generator, film scanneérs and reducers, analog

~ tape storage, search and control equipment, signal conditioning and demod-

ulation equipment, and entertainment units.
This subsystem is illustrated in the WBS assembly-level breakdown in
Figure 5-19. ' |

Definition

The task definition of this WBS box is contained in Appendix A.

Cost Assumptions, Ground Rules and Rationale

There are none in addition to those.in Section 2, 1. 2.
5.7.2 Costs
5.7.2.1 Space Station Modules

Cost Methodology

The estimated costs have been developed from summations of cost estimates

at subordinéte leve_ls. The subordinate cc')'s‘t estimates were developed at one.
or more levels below that being reported. The costs reported at this level

include the cost of integrating the elements at the subordinate levels,

Cost Estimate

The total cost is estimated to be $99 million, as follows:
DDT&E—1It is estimated that the DDT&E effort will cost $71 million,
will begin 66 months prior to the milestone launch date of
October 1980, and will require 54 months for completion,
Production—1t is estimated that the production effort will cost $14 mil-
lion, will begin 37 months prior to the milestone launch date of

October 1980, and will require 18 months for completion.
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Operations——'lt is estimated that the operati_onl effort will cost $14 mil-
lion, will begin 22 months prior. to the milestone launch date of

October 1980, and will continue for 31 months,

F\xndidg Distribution

Figure 5-20 is a summary chart which highlights the relationships of the cost
estimates to technical characteristics and schedules. It also presents an
overview of the funding allocations, both yearly ‘and cumulatively by Govern-
ment fiscal year (midyear plot). DDT&E funding has been spread using a

60 percent spread function, while production funding was spread at 40 per- .

cent, and operatidns funding is based on a composite spread function.

5.7.2.1. 1 Power/Subsystems Module

The estimated cost of the data management subsystem for this module is as

follows:
| 1972 Dollars in Millions
DDT&E Production Operations Total
14 3 3 20

5.7.2.1.2 Crew/Operations Module

The estimated cost of the data management subsystem for this module is as

follows:
1972 Dollars in Millions
DDT&E Production h . Operations Total

21 4 4 29

5.7.2.1.3 GPL Module

The estimated cost of the data management subsystem for this module is as

follows:
1972 Dollars in Millions
DDT&E Production Operations Total

36 7 | ' 7 50

5.7.3 Schedule

The schedule for the Space Station module DMS is shown in Figure 5-21.
This schedule identifies equivalent subsystem-level equipment requirements
(Table 5-9) and development activities required to design, test, and produce

the subsystem.
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| Table 5-9
DATA MANAGEMENT EQUIVALENT SUBSYSTEM EQUIPMENT
~ LIST LEGEND (ISS ONLY)

Develop- Qualifi- Addi- Addi- Opera-

ment cation tional : tional tional -
- Test Test FM to FM "FIT to FIT ‘Ve‘hicle Spares
NQU-1 | 0.4 0.9
NQU-2 | L 0.7
- QU-1 0.4 ' E 1.0
QU-2- - : IR 0.8
FA-1 | o | 10 |
FA-2 - 1,610

The DMS design engineering starts at Phase C/D. The major subcontractor
ATP occurs 7 months into Phase C/D in order to establish the design
requirements and design approach required for PDR. The engineering .
release for the DMS occurs 30 months after Phase C/D ATP and is coincident
with the final Space Station Modules system ER date, The CDR occu'rs |

2 months before ER. The FACI is performed at the time of dehvery of the
flight hardware October 1979. The DDT&E begins with Phase C/D ATP and

ends at qualification test completion July- 1979

The manufacturing time span begins with the nonqualification units in
December 1979 and is completed with the fnahufacfu_re of the qualification
units for spares in May 1980. Two nonqualification units are produced. One:
is utilized in development testing (13-month duration) of the subsystem.
Three months before coinpletion 20 percent of the unit is shipped to the func- °
tional model. The second nonqualification unit is shipped directly to the
functional model upon completion of manufacture. One qualification unit is
produced for the qualification testing (11-month duration). Three months
before completion of the qualification test 20 percent of the unit is shipped to
the FIT for integration and testing. A second unit (0.8 equivalent) is
produced and shipped directly to the FIT 2 months before the first unit.
Additional testing is performed early in the development phase at the com-

ponent, subassembly, and assembly levels.
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The development of special computation equipment (computer hardware)
requires a different approach from that accorded other equipment. Consid-
eration must first be given to the software interface, since the two are inter-

dependent in providing a functioning subsystém.’

Although hardware/software design should proceed in a somewhat parallel
fashion, early definition of the hardware chafacteristics must first be estab-
lished to allow software development. Characteristics such as subsystem
architecture; operating and control procedures; instruction repertoire; and
parameters such as time delays, instruction word formats and lengths, . and
instruction execution time must therefore be firmly controlled so as notv to
invalidate this development. This also implies that subsystem simulations
and modeling activities required to develop characteristics such as queue
lengths, time delays, and data rates must also be performed at an early'

date,

A second consideration (which is an outgrowth of the first) requires that
‘standardization of at least some of these characteristics be established for .
both ground as well as Space Station Modules system equipment, This is
required to allow dévelop'rrient of the software durihg the ‘design phase and
compatibility during the operational phase. ’I‘hé result of these considera-
tions is that computer hardware definition must be controlled at an early
development stage compared to other 'equipment, for greater effort must be

expended to achieve an equivalent design status.

Verification of the data bus concept will require specialdevelopment empha-
sis. The concept of a data bus is not new: computer Subsystems have used
the technique for years and many study contracts, including simulations,
have been performed. Hdweve.r, the dependence of the Space Station syste'ms
on the distribution system, and the large number of devicss and their
resultant composite data rates, require additional verification of the tech-

nique's acceptability before and during Phase C/D.

Improved definition of imagery requirements will require special attention.
The early specification release data will be predicated on obtaining improved
processing requirements from additional- experiment definition. There is
also a very desirable optical or s'patial processing technique presently in the
laboratory stage, which, if developed, would be preferentially employed on

the Space Station.
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5.8 CREW HABITABILITY SUBSYSTEM (WBS 2 X 75 X 59)

5.8.1 Summafy _ ‘

The crew, habita‘bility and protection subsystem (CH&PS) provides facilities:
and equipment for the crew housing and living. It includes the equipment
and facilities for recreation, exercise, lighting, dining, hygiene, medical
care, foqd; food storage, radiation and meteoroid pfotection, ‘damage con-’

trol and safety, crew living and sleeping quérter.s, and space suits.

The WBS assembly level breakdown for this subsystem is illustrated in
Figure 5-22. ‘

Definition

The task definition of this WBS box is contained in Appendix A.

Cost Assumptions, Ground Rules and Rationale

There are none in addition to those discussed in Section 2. 1. 2.
5.8.2 Costs
5.8.2.1 Space Station Modli_les

Cost Methodology

The estimated costs have been developed from summations of cost estimates
at subordinate levels. The subordinate cost estimates were developed at one
or more levels below that being reported. The costs reported at this level

include the cost of intégrating the elements -at the subordinate levels.

Cost Estimate

The total cost, estimated to be $27. 4 million, is brokeﬁ down as‘ foll,ows‘:
DDT&E =1t is estimated that the DDT&E effort will cost $14. 7 million,
will begin 66 months prior to the milestone launch date. of

October 1980, and will requirg 58 months for completion,
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Production—It is estimated that the production effort will cost $6. 8 mil-
lion, will begin 32 months prior to the milestone launch .
date of October 1980, and will require 14 months for
completion. -

Operations —It is estimated that the operation effort will cost $5.9 mil-

' lion, will begin 21 months prior to the milestone launch

date of October 1980, and will continue for 20 months.

Funding Distribution v . |
Figure 5-23 is a summary chart which highlights the relationships of the

cost estimates to technical characteristics and schedules. It also presents
an overview of the funding allocations, both yearly and cumulatively by
Government fiscal year (midyear plot). DDT&E funding has been spread
using a 60 percent spread function, while production funding was spread at

40 percent, and operations funding is based on a composite spread function.

5.8.2.1.1 Power/Subsystems Module

The estimated cost of the crew habitability subsystem for this module is as

follows:

1972 Dollars in Millions

DDT&E Production ~ Operations Total
1 0 0 2

5.8.2.1.2 Crew/ Opei-ations Module

The estimated cost of the crew habitability subsystem for this module is as

follows:

1972 Dollars in Millions

DDT&E Production Operations Total
11 5 4 : 20
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5.8.2.1.3 GPL Module

The estimated cost of the crew habitability subsystem for this module is as

-follows:

1972 Dollars in Millions

DDT&E Production Operations Total
2 : 1 1 5

5, 8.3 Schedule ,
The schedule for the Space Station module CH&PS is shown in Figure 5-24.
This schedule identifies equivalent subsystem-level equipment (Table 5-10)
and development activities required to design, test, and produce the sub-
system. The schedule provides major milestones, key events, and critical

actions pertaining to the subsystem.

CH&PS design engineering starts at Phase C/D ATP. The major subcon-
tractor ATP occurs 9 months into Phase C/D in order to establish the design
requirements and design approach re'ciuired for PDR. The engineering
release for the CH&PS occurs 27 months after Phase C/D ATP and 3 months
prior to the final Space Station module system ER date. The CDR occurs

2 months before ER and FACI is performed at the delivery of the flight hard-
ware in October 1979, The DDT&E begins ;Jvith'Phase C/D ATP and ends at

qualification test completion in August 1979. |

The manufacturing time span begins with the nonqualification units in
October 1976 and is compléted with the manufacture of the production units
for spares in May 1980. One nonqualification unit is produced and used in
subsystem development testing (1-year duration). Four months px.'ior'to the
completion of the test, 10 percent of the unit is shipped to the functional
model and one qualification unit is produced for the qualification testing
(10-month duration). Three months prior to completion of the qualification
test, 20 percent of the unit is shipped to the FIT for integration and testing.
A second qualification unit (0. 7 equivalent) is shipped to the FIT upon com-
pletion of manufacture. Additional testing is performed early in the

development phase at the component, subassembly, and assembly levels.
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Table 5-10

CREW HABITABILITY AND PROTECTION EQUIVALENT
SUBSYSTEM EQUIPMENT LEGEND :

Develop- Qualifi- Addi- Addi- Opera-

ment cation tional tional tional
Test Test FM toFM FIT to FIT Vehicle Spares
NQU-1 0.4 . 0.1
Qu-1 0.4 0.9
QU-2 | | | 0.7
FA-1 Lo
FA-2 0. 52

To develop a CH&PS which will be optimum in zero gravity, a wide diversity
of technology is required. It will be necessary to apply all of the known
techniques for the design and production of reliable equipment and in many
cases extend these techniques to that which will be available in the
1975-t0-1980 tirﬁe period. In certain areas, this will require technology
invesfigations to extend the state of the art and to achieve the necessary:
reliability levels, partAicularly in accommodating female crew members

and scientists.

The key problems at the assembly level are the development of items such
as a highly efficient and reliable microwave and infrared oven; food freezer
and refrigerator; dishwasher and dryer; full-body shower; zero-g sink; -
laundry washer and dryer; trash processor and compactor; devices for
detection, warning, and repair of meteoroid damage; fire detection, warn-
ing, and extinguishing units; and dispensary equipment for the diagnosis and
treatment of injuries, illnesses, and dental emergencies. These items

represent potential development difficulties and will require SRT funding.
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There are several assemblies of the CH&PS which have unique testing
requirements as a result of the high reliability levels imposed upon the
electromechanical, electrical, mechanical, pneumatic, and hydraulic
components which are Susceptible to failure. It is not feasible to perform
operational tests of all CH&PS aséemblies after installation in the Space
Station. Therefore, it will be.necessvary to vé‘rify subsystem performance
and to perform simulated operational procedural tests at the subcontractor's
facilities. In addition to the individual assembly tests, extensive compati-
bility tests of various assemblies integrated with each other and with the
EC/LS subsystem are required prior to final qualiﬁcatidn of the CH&PS

assemblies.

To achieve these. integrated CH&PS tests with a simulated installation, the
special, full-scale, two-~-deck simulated EC/LS subsystem test model will be
used as a combined CH&PS test bed with the EC/LS subsystem. This test
bed will contain completeﬁEC/L_'S subsystem and CH&PS and will be used to
verify the design and to functionally qualify the subsystems for inclusion on
the flight article. | o

Unique installation requirements exist for the 30-day supplies of food
required initially with the Initial Space Station and the 30-day supplies plus
the 30-day back-up supplies delivered to the Space Station on orbit by the
LOG M's to support each crewman. Tests simulating food environmental
conditions and elapsed time between installation and launch will be performed

at the subcontractor's food-processing facility.
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5.9 STABILIZATION AND ATTITUDE CONTROL SUBSYSTEM
(WBS 2 x 75 x 56) »

5.9.1 Summary

The stabilization and attitude control éubsystem functions to:
A. Generate attitude reference information for attitude control,

experiments, communications, and guidance and navigation.

B. Provide all attitude capability.
C. Generate commands to_r'eaction‘ jets for attitude and translation
control,

D. Maintain station orientation, nominally trimmed horizontal (Y).

It is composed of attitude and rate sensors; electronics for sensor, com-
puter, experiments, and reaction jet interfaces; display and control
elements; and control moment gyros., It utilizes the computation capability

of the data management subsystem.

This subsystem is illustrated in combination with the guidance and naviga-

tion subsystem in Section 5. 5.

Definition

The task definition of this WBS box is contained in Appendix A.

Cost Assumptions, Ground Rules and Rationale

There are none in addition to those in Section 2. 1,2.
5.9.2 Costs
5.9.2.1 Space Station Modules

Cost Methodology

The estimated costs have been developed from summations of cost estimates

at subordinate levels. The subordinate cost estimates were developed at one
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or more levels below that being reported. The costs reported at _this level

include the cost of integrating the elements at the subordinate levels.

Cost Estimate

The total cost, estimated to be $67 million, is broken down as follows: ,
DDT&E—It is estimated that the DDT&E effort will cost $29, 1 million,
will begin 66 months prior to the milestone launch date of

October 1980, and will i'equire-53 months for completion.

Production—1It is estimated that the production effort will cost
$15. 9 million, will begin 34 months prior to the milestone
launch date of October 1980, and will require 17 months for
completion. 7 | _
Operations —It is estimated that the operations effort will cost. ~
$22.1 million, will begin 20 months prior to the milestone

launch date of October 1980,  and will continue for 12 months.

Funding Distribution

Figure 5-25 is a summary chart which hi'ghlights the relationships of the
cost estimates to technical characteristics and schedules. It also presents
.an overview of the funding allocations, bofh yearly and cumulatively by
Government fiscal year (midyearr plot). DDT&E funding has been spread
using a 60 percent spread function, while production funding was spread at’

40 percent, and operations fuﬂding is based on a composite spread function.

5.9.2.1.1 Power/Subsystems Module

The estimated cost of the stabilization and attitude control subsystem for

thié module is as follows: -

1972 Dollars in Millions

DDT&E. Production » OEerations Total
26 3 4 | 33
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5.9.2.1.2 Crew/Operations Module
The estimated cost of the stabilization and attitude control subsystem for

this module is as follows:

1972 Dollars in Millions

DDT&E Production Operations Total
2 | 13 18 33 -

5.9.2.1.3 GPL Module

The estimated cost of the stabilization and attitude control subsystem for

this module is as fol,lows:'

1972 Dollars in ‘Millions

DDT&E Production Operations Total
0 -0 0 1

5.9.3 Schedule _ »
The write-up for this schedule has been combined with that of the guidance
and navigation subsystem (Subsection 5, 5, 3_). The schedule for the stabiliza-

tion and attitude control subsystem is shown in Figure 5-26.
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5.10 ONBOARD CHECKOUT AND FAULT ISOLATION SUBSYSTEM
(WBS 2 x 75 x 57)

5.10.1 Summary
The Space Station onboard checkout subsystem (OCS) includes the equipment

required for inflight checkout and fault isolation of subsystems and experi-

ments,

It consists primarily of remote data acquisition units, transceivers, data
terminals, display control equipmeht, and independent caution and warning
system and some special test equipment. It utilizes the compilation capa-
bility of the data management subsystem. To a large extent, this equipment

has design commonality or is integrated with other onboard hardware and

software,.

This subsystem is illustrated in the WBS assembly level breakdown in
Figure 5-27.

R294
ONBOARD CHECKOUT
(LEVELS) | Anp FAULT
ISOLATION
(ASSEMBLY GROUPS)
(LEVEL 6)
CHECKOUT DATA STIMULI AND DISPLAY DATA
ACQUISITION AND COMMAND - AND COMPUTATION
DISTRIBUTION GENERATION CONTROL : AND STORAGE
LOCAL CAUTION AND STIMULI GENERATION UNIT  CENTRAL CONTROL (DMS)
WARNING UNIT STATIONS (DMS)
REMOTE DATA ACQUISI-
REMOTE DATA ACQUISI- TION UNIT (DMS) FOR PORTABLE CONTROL AND
TION UNIT (DMS) COMMANDS) DISPLAY UNIT (DMS)
DIGITAL DATA TERMINAL ANCILLARY TEST EQUIP- CHECKOUT SOFTWARE
(DMS) MENT (GPL)
OPERATING SOFTWARE
DIGITAL DATA BUS (DMS) (DMS)

ANCILLARY TEST EQUIP-
MENT (GPL)

Figure 5-27. Onboard Checkout and Fault Isolation Subsystem Assembly Breakdown

78




Definition ‘ _
The task definition for this WBS box is contained in Appendix A,

Cost Assumptions, Grdund Rules .and Rationale

There are none in addition to those in Section 2. 1. 2.
5.10. 2 Costs
5,10.2.,1 Space Station Modules

Cost Methodology
The estimated costs have been developed from summations of cost estimates

at subordinate levels. The subordinate cost estimates were developed at one
or more levels below that being reported. The costs reported at this level

include the cost of integrating the elements at the subordinate levels.

Cost Estimate

The total cost, estimated to be $23 million, is broken down as follows:
DDT&E—It is estimated that the DDT&E effort will cost $16 million,
will begin 66 months prior to the milestone launch date of
October 1980, and will require 53 months for completion.
Production—It is estimated that the production effort will cost $4 million,
will begin 36 months prior to the nﬁile stone launch date of
October 1980, and will require 15 months for completion,
Operations—1It is estimated that the operations effort will cost $3 million,
will begin 24 months prior to the milestone launch date of

October 1980, and will continue for 18 months. - -

Funding Distribution

Figure 5-78 is a summary chart which highlights the relationships of the cost
estimates to technical characteristics and schedules. It also presents an
overview of the funding allocations, both yearly and cumulatively by Govern-
ment fiscal year (midyear plot), DDT&E funding has been spread using a

60 percent spread function, while production funding was spread at 40 per-

cent, and operations funding is based on a composite spread function.
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5.10.2.1.1 Power/Subsystems Module -
The estimated cost of the onbo_ar_d checkout and fault isolation subsystem

for this module is as follows:

1972 Dollars in Millions

DDT&E Production Ogerations _ Total
5 1 1 C 7

5,10.2.1.2 Crew/Operations Module

The estimated cost of the onboard checkout and fault isolation subsystem

for this module is as follows:

1972 Dollars in Millions

DDT&E . Production ' ~92erations Total
5 1 1 7

5.10.2.1.3 GPL Module

The estimated cost of the onboard checkout and fault isolation subsystem

for this module is as follows:

1972 Dollars in Millions

DDT&E - Production - Operations ’ Total
6 2 1 ' 9

5.10. 3 Schedule

The schedule for development of the OCS is shown in Figure 5-29, This
schedule identifies equivalent subsystem-level equipment (Table 5-11) and
development activities .required to»design,‘ test, and produce the subsystem.
It provides major milestones, key events, and critical actions pertaining to

the subsystem.

The OCS design engineering starts at Phase C/D ATP. The major subcon-
tractor ATP occurs 9 months into Phase C/D in order to establish the design
requirements and design approach required for PDR. The engineering

release for the OCS occurs 27 months after Phase C/D ATP and 5 months
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Table 5-11

ONBOARD CHECKOUT AND FAULT ISOLATION EQUIVALENT
SUBSYSTEM EQUIPMENT LEGEND

DeVelop- Qualifi- Addi- . Addi- Opera-

ment - cation ‘ tional tional tional

Test Test FM to FM FIT to FIT Vehicle Spares
NQU-1 0.2 » 0.8
NQU-2 0.6
QU-1 0.2 . 1.0
QU-2 , - 0.9
FA-1 ' : , 1.0

FA-2 | 1.040

before the final Space Station Modules system ER data. The CDR occurs
2 months before ER.. FACI is performed at the time of delivery of the
flight hardware in June 1979. The DDT&E begins with Phase C/D ATP and

ends at qualification test completion in April 1978.

The manufacturing time span begins with the nonoperational units in October
1976 and is completed with the manufacture of the production units for spares

in January 1980.

Two nonqualification units are produced. One is utilized in development
testing (1l-month duration) of the subsystem. At the completion of the test,
it is then shipped to the functional model (FM). The second nonqualification
unit is shipped directly to the FM upon completion of manufacture. One
qualification unit is produced for the qualification testing (10-month duration).
At the completion of the qualification test, it is shipped to the FIT for
integration and testing. A second unit (0.9 equivalent) is produced and
shipped directly to the FIT 3 months before the first unit. Additional testing
is performed early in the development phase at the component, subassembly,

and assembly levels.
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The OCS is subjected to an orderly sequence of compatibility develjopment
tests conducted using the functional model {FM). The FM is the ptimary
engineering tool used for éystem-level hardware and software development.
The testing culminates in the establishment of an operational checkout sys-
tem which is then used to support other FM development testing,' integration,

and checkout software development activities.

Key to the development of the OCS is its integration with the DMS. The DMS
capabilities for data acquisition and distribution, computation, data storage,
displays and controls, command_generation, and operating system software

must be operational prior to any meaningful OCS development testing.

Following the establishment of the required DMS capabilities, other elements
unique to the OCS are added to the FM. These elements include hardware

required for stimuli generation and for caution and warning functions. Inter-
faces of all elemehfs within the OCS, as well as vOCS/DMS self-test software,

are then verified.

Hardware and software interfaces with the GSE are established and verified.
The OCS interface with other ISS subsystems is accomplished in an orderly
sequence, adding one subsystem interface at a time. Initial tests are con-
ducted to verify compatibility between the OCS, subsystems under test, GSE,
procedures, and the attendant software programs. Where interfacing sub-
systems are not available, either an inte fface substitute is provided or the
functions are simulated using software. Compatibility development testing
with the FM is then continued to develop integrated subsystem checkout
software and the software required for acceptance testing, prelaunch check-

out, and the mission.

As integral experiments are made available to the FM, these are also inter-
faced with the OCS and development tests conducted. Once the integrity of
ISS subsystems is established, the OCS experimeht interface and checkout

software development can occur in parallel with other FM activities.
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5.11 EXPERIMENT SUPPORT EQUIPMENT SUBSYSTEM
(WBS 2 x 75 x 39)

5.11.1 Summary _
The experiment support equipment subsystem provides the Space Station
Modules system with a specific general purpose capability based on:
1. Requirements to support the defined experiment program and
undefined experiments to be conducted during the 5 years follow-
- ing ISS activation.
2. Requirements to support the operation of the Space Station and its
subsystems. These facilities will include shops and labs to repair,
disassemble and assemble and célibr_ate subsystem equipment.

3. Requirements to support the 'sep_arately launched experiment

modules.

The equipment definition is based on identified requirements, but does not
necessarily satisfy all of them. When actual support requirements develop,
the support can be provided by carry-on equipment, etc. Experiment

support equipment cost baseline includes only the specific capability defined.

The above experiment support equipment is not unique to an individual FPE
but supports multiple FPE's as well as Space Station Modules support require-
ments. This support equipment is not limited to integral experiments. This

subsystem is illustrated in the WBS assembly level breakdown in figure 5-30.

R294
: EXPERIMENT
(LEVEL8}| syppORT
EQUIPMENT
(ASSEMBLY GROUP)
GPL : (LEVEL 6) :ﬁﬁ%’“n'}
EQUIPMENT . _ SUPPORT _

HARD DATA PROCESSING FACILITY

ELECTRONIC ELECTRICAL LABORATORY
EXPERIMENT AND TEST ISOLATION LABORATORY
OPTICAL SCIENCES LABORATORY

MECHANICAL SCIENCES LABORATORY

DATA EVALUATION FACILITY

BIOMEDICAL FACILITY

BIOSCIENCE RESEARCH FACILITY

Figure 5-30. Experiment Support Equipment Subsystem Assembly Breakdown
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Definition

The task definition of this WBS box in contained in Appendix A,

Cost Assumptions, Ground Rules and Rationale

There are none in addition to those in Section 2. 1. 2.

5.11.2 Costs

5.11.2.1 Space Station Modules

Cost Methodology -

The estimated costs have been developed from summations of cost estimates
at subordinate levels. The subordinate cost estimates were developed at
one or more levels below that being reported. The costs reported at this

level include the cost of integrating the elements at the subordinate levels.

Cost Estimate

The total cost, estimated to be $30 million, is broken down as follows:

DDT&E—1It is estimated that the DDT&E effort will cost $15 million,
will begin 66 months prior to ihé milestone launch rate of
October 1980, and will require 50 months for completion.

Production—1It is estimated that the production effort will cost
$8 million, will begin 37 months prior to the milestone launch
date of October 1980, and will require 13 months for
completi.on.

Operations—1It is estimated that the operations effort will cost
$7 million, will begin 25 months prior to the milestone launch

date of October 1980, and will continue for 16 months,

Funding_Distribution

Figure 5-31 is a summary chart which highlights the relationships of the
cost estimates to technical characteristics and schedules. It also presents
an overview of the funding allocations, both yearly and cumulatively by
Government fiscal year (midyear plot). DDT&E funding has been spread
using a 60 percent spread function, while production funding was spread at

40 percent, and operations funding is based on a composite spread function.
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5.11.2.1.1 Power/Subsystems Module

The estimated cost of the experiment support equipment subsystem for this

module is as follows:

1972 Dollars in Millions

DDT&E : Production - Operations Total

0 0 , 0 0

5.11.2.1.2 Crew/Operations Module

The estimated cost of the experiment support equipment subsystem for this

module is as follows:

1972 Dollars in Millions

DDT&E Production - Operations Total

0 0 ' 0 0

5.11.2.1.3 GPL Module

The estimated cost of the experiment support equipment subsystem for this

module is as follows:

1972 Dollars in Millions

DDT&E Production Operations Total
15 8 7 30

5.11.3 Schedule

The schedule for the Space Station module experiment support equipment sub-
system is shown in Figure 5-32. This schedule identifies equivalent sub-
system level equipment (Table 5-12) and development activities required to
design, test, and produce the subsystem. The schedule.provides major

milestones, key events, and critical actions related to the subsystem.

The experiment support equipment subsystem désign engineering starts at
Phase C/D ATP. Majorv subcontractor ATP occurs 9 months into Phase C/D
to establish the design requirements and design approach required for PDR.
The ER for the GPL subsystem occurs 25 months after Phase C/D ATP and
5 months before the Space Station Modules system ER final date. The CDR
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Table 5-12

EXPERIMENT SUPPORT EQUIPMENT EQUIVALENT
SUBSYSTEM EQUIPMENT LEGEND

Develop- Qualifi- Addi- Addi- Opera-
-ment cation tional tional tional
Test Test FM to FM FIT to FIT Vehicle Spares

NQU-1 0.8 | 0.6 '
NQU-2 ' o 0.2
QU-1 1.0 : 1.0
QU-2 | - 0.5
FA-1 | ' 1.0
FA-2 v 1.061

occurs 2 months before ER. FACI is performed at the time of delivery of
the flight hardware in May 1979. DDT&E begins with Phase C/D design and
ends at qualification test completion in March 1979. '

The manufacturing time span begins with the nonoperational units in
December 1976 and is completed with the manufacture of the qualification
units for spares in December 1979. One nonqualification unit is produced
and used in development testing (8-months duration) of the subsystem.

Three months prior to the completion of the test, 40 percent of the unit is
shipped to the functional model. A second nonqualification unit is shipped
directly to the FM upon completion of manufacture. One qualiﬁcation unit is
produced for the qualification testing (8-month duration). At the completion -
of the qualification test, it is shipped to the flight integration tool (FIT) for
integration and testing. A second qualification unit (0.5 equivalent) is

shipped directly to the FIT upon completion of manufacture.
The primary critical issue is identification and scheduling of the design of

the experiments and operational equipment. These must be sufficiently

timely so that the proper items of equipment can be included in the SSM!'s
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launches, the equipment can be modifie}:dvas necessary for functional opera-
tion in zero-g conditions, and the operating personnel can be trained to a
level of proficiency in mockups to ensure adequate performance in space.
This is complicated because the design requirethents of the Space Station
Modules system and its subsystems must be approved as a baseline, defining
the resources which will be available to the experiment contractors. To
meet Space Station Modules system desigﬁ schedules, much of ESE will be
"based on preliminary experiment design. The problem is mitigated by ESE
definition which states that it will contain state-of-the-art equipment. Special
support items will remain within the responsibility of the experiments requir-

ing their use as to design, development, _olpera.tor training, etc.

Management of the tie-in between the Space Station Modules system ESE sub-
system design and that of the individual experiments will be more critical and
complex than experienced on previous programs. Experiment contractors
must report ESE support requiremenﬁs early in their design cycle; these
must be formalized at the time of experiment PDR. Under the presently

identified experiment prbgram,. there have been no critical issues identified.
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5.12 INSTALLATION AND INTEGRATION SUBSYSTEM (WBS 2 x 75 x 01)

5.12.1 Summary 4
The installation and integration subsystér_n provides the following services

during the produétion (recurring) phase only:

A. Manufacturing
1. Provide all material and miscellaneous fabrication for one
flight article system assembly (from completé subsystem).
Assembly of one flight article (Spacev Station Modules).
Provide quality assurance, production control, calibration, and

other support effort for ésse'mbly.

Definition

The task definition of this WBS box is contained in Appendix A.

Cost Assumptions, Ground Rules and Rationale

There are none in addition to .those in Section 2.1.2.

5.12.2 Costs

5.12.2.1 Space Station Modules

Cost Methodology

The estimated costs have been developed from summations of cost estimates

at subordinate levels. The subordinate cost estimates were developed at one
or more levels below that being reporte'd. The costs reported at this level

include the cost of integrating the elements at the subordinate levels.

Cost Estimate

The total cost, estimated to be $67 million, is production cost.
It is estimated that the production effort will begin 43 months prior to the

milestone launch date of October 1980, and will require 39 months for

completion,
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Funding Distribution

Figure 5-33 is a summary chart which highlights the relationships of the
cost estimates to teéhnical characteristics and schedules. It also presents
an overview of the funding allocations, both yearly and cumulatively by
Government fiscal year (midyear plot). Production funding was spread at

45 percent.

5.12.2.1.1 Power/Subsystems Module
The estimated cost of the installation and integration subsystem for this

module is as follows:

1972 Dollars in Millions

DDT&E Production Operations Total

0 25 | 0 25

5.12.2.1.2 Crew/Operations Module

The estimated cost of the installation and integration subsystem for this

module is as follows:

1972 Dollars in Millions

DDT&E Production - | Operations Total
0 24 : ' 0 24

5.12.2.1.3 GPL Module

The estimated cost of the installation and integration subsystem for this

module is as follows:

1972 Dollars in Millions

DDT&E Production Operations Total
o 18 | 0 18

5.12.3 Schedule (See Space Station Modules system schedule)
This subsystem providés for production of the following:
A. All material and miscellaneous fabrication for one flight system
assembly! (from complete subsystems).

B. Assembly of one flight article (Space Station module).

a

Quality assurance, production'contrbl, calibration, and other support

effort. 03 .
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SPACE STATION PROGRAM
(MODULAR)

COST ESTIMATING GROUNDRULES

APPENDIX A

TASK DESCRIPTIONS
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WBS Level 2

SPACE STATION PROGRAM (MODULAR)

The Space Station Program consists of all effort defined in the lower level
boxes of the Sp'ace Station Study WBS, Cost of the following items has been
excluded by NASA direction, |

- NASA program management and system support

- Space Station program portion and use of the Ground Network and
synchronous satellite communication institutional base facilities.

- Crew training and development, operations and maintenance of non-
flight hardware (computers, trainers, simulators, associated software,
etc, ) to be used for crew training, simulation and for crew problem

evaluation,

The summation of the lower level boxes of the Space Station Study WBS is
reported in the program cost estimate supplied at WBS Level 2, Contractor
system support and project management are included in lower level WBS
boxes., The Space Station Program consists of two phases. The Initial Space
Station (ISS) phase is used to describe the first five year operational phase
and the necessary DDTE (including experiments, Space Station Project and
RAM Project) to achieve that capability, GSS (Growth Space Station) phase
"is used to describe the second five year operational phase and the necessary
additional DDTE to achieve that capability, It is assumed for lower level
costing purposes that the NASA system support and program management

encompass the following:

SYSTEM SUPPORT
System Support, at WBS Level 2 includes all NASA technical, scientific

and engineering effort for support of the Space Station Program. It consists
of technical effort for system engineering and technical direction of the pro-
gram, The following tasks are included:

Design, Development, Test and Engineering

Provide overall technical direction, interface resolution between

projects and technical support,
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Production

Continued technical direction, verification of compliance with
requirements, interface resolution and technical support.

Operations

Technical di_reétion of Space Station and RAM operations, resolution of
experiment interfaces, review of experiment data and technical

support,

PROGRAM MANAGEMENT
Program Management, at WBS Level 2, consists of all non-technical NASA

management for the Space Station Program. These activities continue
through DDT&E, Production, and Opérétio_ns phases, The following types of
effort are included: - .

Program Planning and Control

Program Reviews and Direction

Contract and Financial Management

Coordination with other government agencies

The above items are not costed in the Space Station Program costs but are

identified so that lower level boxes will not duplicate these functions,
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WBS 800

SPACE SHUTTLE OPERATIONS (ISS & GSS) (NASA FURNISHED
COST DATA)

i

Definition

The Space Shuttle operations effort included in the Space Station Study is the

- launch and flight operations cost for all flights in support of the Space Station
and RAM Projects., These costs were supplied by NASA and are currently

identified as $4.5 x 106/flight chargeable to the Space Station Program, This
is based on a fully reusable Shuttle,

Tasks :

Launch and Flight Operations (Operations)—the operations cost per flight

is based on a maximum of 12 launches per year, Refurbishment, launch
operations, propellants and spares are included, All launches are assumed
to be from KSC, |

Project Management, System Support and amortized production costs are

excluded per NASA request,

The current 10-year Space Station baseline (534G) requires a total of

114 shuttle launches at an expense of $513 million,
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WBS 200

SPACE STATION PROJECT (ISS & GSS) :
The Space Station Project includes the following flight systems:

Space Station Modules (ISS-Power/Subsystems No, 1, Crew/Operations
No. 1, GPL; GSS-Crew/Operations No, 2, Power/Subsystems No, 2)

Integral Experiments
Logistics Modules (ISS only)
Crew/Cargo Modules (GSS only)

The effort in this project includes all DDT&E, Production and Operations for
the flight systems plus related GSE, facilities and test articles. Also

included are launch and flight operations, management and support tasks,

NASA Program support (Program Management and System Support) and a
portion of the NASA operations support (crew training, ground network and
synchronous satellite operations) costs are not included in the Space Station

Project costs per NASA direction..
The balance of the NASA operations support (ground crew training, etc.) are

identified under the launch and flight operations WBS boxes but the costs for
these tasks are excluded per NASA direction.
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WBS 759

SPACE STATION MODULES (ISS)

Definition

The Space Station Modules are the major system of the Modular Space Station
Project. Space Station Modules for the ISS phase consists of Power/
Subsystems, Crew Operations and General Purpose Laboratory modules as
well as system integration (system support, non-recurring test operations,
module acceptance testing), Excluded are the additional modules and
modification equipment required to provide the GSS capability, System sup-
port, test operations and acceptance testing effort which is common to the
modules are included in this WBS box at Level 4 as systems integration,

This includes system design and development, system testing and acceptance.

All effort for design, development, test and manufacture of the individual
subsystems and system level flight article installation and assembly is

done in the subsystem WBS boxes at level 5,

All design tasks include initial design :anly, Sustaining Engineering is

covered in the System Support WBS box,

Excluded from this WBS are the hardware costs for the Functional Model
(FM) and the Flight Integration tool (FIT) which are covered in the Test
Article "N" WBS box. However, design effort and test operations using these

test articles are included here.

All work is Contractor effort in the DDT&E and Production categories,

Work Breakdown
Work Included in this WBS box at Level 4 includes the following:

A. Design, Development, Test and Engineering
(non-recurring) '

1. Initial Engineering
a. Provide system level design through completion of system

engineering release.

b, Provide support to System Support activities, primarily
in interface design (I&SR/ICD's), '
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c. Prepare system level development test requirements, pro-
cedures, simulation programs, analysis and reports
related to integration testing of two or more subsystems
(hardware and software),  EMI testing is included,

d. Prepar'e.Space Station modules operating procedures,

e. Provide Test Article "N'" Design, These are derivatives
of the Space Station design and are the Functional Model
and Flight Integration tool. These items are described
in the Test Article "N' WBS box, The design task is
preparation of test article-peculiar FIT arrange'ment and
interconnect drawings and Software programs,

£, Design of mockups (non-deliverable).

2. Test Operations

a. Conduct Space Station System integration testing, software
development and operafing procedure development on the
Functional Model and FIT including GSE support.

b, TFabrication and development of design mockups,

3. Production Planning and Tooling

a, Provide Space Station manufacturing engineering for test
Article "N and flight article assembly,

b. Design and fabricate: tooling (assembly fixtures) and
production aids, _

c. Provide quality assurance and other production support
effort for system tooling,

d,- Provide Asystem productbion planning,

B. Production (Recurring)

1, Manufacturing

a. Perform pre-acceptance checkout and acceptance tests,

SPACE STATION MODULES SUBSYSTEMS (ISS)

Each of the Space Station's 11 subsystems are described briefly in the fol-
lowing subsystem WBS boxes., For greater detail, refer to the Baseline

Program Document,

Task Summary, Work Breakdown and other Subsystem information which is .
common to all is provided for the Stabilization and Attitude Control Subsystem
only and is applicable to all of the subsystems. The quantities of subsystem

test articles vary and are tabulated in the table on the following page.
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WBS 75x567 :

STABILIZATION AND ATTITUDE CONTROL SUBSYSTEM

Descnptmn
The stabilization and Attitude Control System functions to:
A, Generate attitude reference information for attitude control,
experiments, communications, and guidance and navigation,
B. Provide all attitude capability,
C. Generate commands to reaction jets for attltude and translation
control,

D, Maintain station orientatioh, nominally trimmed Horizontal (Y),

It is composed of attitude and rate sensors; electronics for sensof computer,
experiments, and reaction jet interfaces; display and control elements; and
control moment gyros, It utilizes the computation capability of the Data

Management Subsystem,

Task Summary
All effort directly associated with the Stabilization and Att1tude Control Sub-

system prior to integration of the subsystem with other subsystems, exclu-

sive of sustaining engineering, Included are design, development and
production of subsystem level STE for development qualification and
acceptance testing. All costs are considered to be contractor/subcontractor

costs,

Work Breakdown

A, Design, Development, Test and Engineering

1, Initial Engineering

a, Conduct subsystem design analysis

b, Provide preliminary subsystem design

c. Detail subsystem design through engineering release

d Prepare subsystem development test requirements, pro-
cedures, analysis and reports related to development test-

ing of components or assemblies of the subsystem and
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integration testing at the subsystem level. This includes

subsystem computer program development

Prepare éubsyste'm qualification test require'rhents, pro-
cedures, analysis and reports related to qualification

testing of components or assemblies of the subsystem

2, Test Operations
a. Manufacture test specimens for subsystem development
and qualification tests.
b. Conduct subsystem develoément and qualification tests
(see 1 (d) and (e) above)
3. . Production Planning and Tooling
a, Provide subsystem manufacturing engineering
b. Design and fabricate t_oolihg, STE, and production aids
c. Provide quality assurance and 6ther production
effort for fabrication of subsystem tooling
d. Provide subsystem pfoduétion planning
Production .
1. Manufacturing
a. Provide all material for one flight article subsystem
manufacture ‘ | ‘
b. Fabricate, assemble and ’acceptance test one flight article
subsystem, including assemblies and components
c, Provide quality assurance, production control, calibration
and other support effort for subsyste'm production
operations (one flight artiéle) '
d. Provide spares for in-plant operations and launch support
Operations
a. Provide spares for flight operations.

NOTE: NOT included in this WBS are:

1.
2,

Sustaining Engineering (included in System Support)

Production of Equipment for Test Article ""N'' and refurbishment

of development and qualification test units

System Design
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WBS 75x46

GUIDANCE AND NAVIGATION SUBSYSTEM

The guidance and navigation (G/N) subsystem provides station navigational

information to be used by experiments, logistics vehicles, experiment
modules, etc,, and generafes guidance commands for orbit keeping and
maneuvers, The G/N equipment consists of position and velocity sensors,
electronics for sensors and computer interfaces, and display and control

elements,
WBS 75:_:59

CREW HABITABILITY AND PROTECTION SUBSYSTEM

This subsystem provides the facilities and equipment for the crew housing

and living, It includes the equipmentv and facilities for recreation, exercise,
lighting and dining, hygiene, and medical care, food, food storage, radiation
and meteoroid protection, damage control and safety, crew living and sleep-

ing quarters, and space suits.
WBS 75x23

PROPULSION SUBSYSTEM

This sﬁbsystem provides the thrust i‘xhpulse required to maneuver and posi-

tion the Space Station in orbit and Station P/RCS is comprised of a high-
thrust bi-propellant system and a low-thrust resistojet system, The
high-thrust system provides the final orbit adjustment, maneuvers, scheduled
disturbances and backup attitude control, The low thrust system will pro-
vide the orbit keeping and CMG deséturation functions,
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WBS 75x47

DATA MANAGEMENT SUBSYSTEM

The data management subsystem consists of all the necessary equipment to

transfer, store, and pfocess data to and from users and subsystems, Itis
a modularized multiprocessor specifically consisting of processors, memory
storage units, switching units, peripheral devices, data adapters, coders,
decoders, time synchronous generator, film scanners and reducers, analog
tape storage, search and control equipment, signal conditioning. and

demodulation equipment, and entertainment units,

WBS 75x07

COMMUNICATIONS SUBSYSTEM

The Space Station Communications Subsystem provides:

A, Space Station/Ground Communications
B. Space Station/Shuttle Communications

C. Space Station/RAM Communications

It consists of antennas, amplifiers, receivers, transmitters with appropriate

switching and multiplexing units, TV cameras, audio control, etc, center,
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WBS 75x57

ONBOARD CHECKOUT AND FAULT ISOLATION SUBSYSTEM
The Space Station Onboard Checkout Subsystem includes the equ1pment

requu'ed for in-flight checkout and fault isolation of subsystems and

experiments,

It consists primarily of remote data acquisition units, transmitter/receivers,
data terminals, display control equipment, and independent caution and
warning system and some special test equipment. It utilizes the compilation

capability of the Data Managefnent Subsystem,
NOTE: To a large extent this equipment has design commonality or is inte-
grated with other onboard hardware and software,

WBS 75x24

ELECTRICAL POWER SUBSYSTEM

The Electrical Power Subsystem includes a solar array power source,

deployment and orientation mechanisms, energy management equipment,
storage and regulation equipment, power conditioning equipment and power

distribution protection and switching assemblies,
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WBS 75x02

STRUCTURAL/MECHANICAL SUBSYSTEM

The Structural/Mechanical Subsystem includes:

A,

The basic structure and all provisions for structural accommo-

dation of a six-man crew, the spacecraft subsystems, and an

experiment program.

Mechanical Equipment required for:

1.

2
3
4,
5

Docking with experiment or logistics modules

Space Station Aécess, including hatches, airlocks and viewports
Antenna and Solar Array Drive

Cargo handling and transfer

Extravehicular Activity Support
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WBS 75x39

EXPERIMENT SUPPORT EQUIPMENT SUBSYSTEM

The Experiment support Equipment subsystem provides the Space Station

system with a specific genefal purpose capability based on:

A, Requirements.'to support the defined experiment program and
undefined experiments to be conducted during the five years
following 1SS activafion.

B. Requirements to support the operation of the Space Station and its
subsystems. These facilities will include shops and labs to repair,
disaésemble and assemble and calibrate subsystem equipment.

C. Requirerﬁents to support the separately launched experiment

modules.

The equipment definition is based on identified requirements, but does not
necessarily satisfy all of them, When actual support requirements develop,
the support can be provided by carry-on equipment, etc. Experiment sup-

port equipment cost baseline includes only the specific capability defined.

The above experiment support equipment is not unique to an individual FPE

but supports multiple FPE's as well as space station module support require-

ments, This support equipment is not limited to integral experiments,
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WBS 75x98

INTEGRATION AND INSTALLATION

A. Production (recurring)

1. Manufacturing .

a) Provide all material and fniscellaneous fabrication for one
flight article system assembly (from complete sub-
systems).

b) Assembly of one flight article (space station modules).

c) Provide quality assurance, production control, calibration

and other support effort for as sembly,

WBS 75x05

ENVIRONMENTAL CONTROL/LIFE SUPPORT SUBSYSTEM
The ECLS Subsystem includes the equipment which provides:

Atmosphere Supply and Control
Atmosphere Regeneration
Atmosphere Purification

Water Management

Waste Management

IVA/EVA Equipment

Thermal Control
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WBS 499

INTEGRAL EXPERIMENTS (SPACE STATION PROJECT) (NASA FURNISHED
COST DATA) (ISS) '

- Description

'Integral Experiments consist of those individual FPE's from the Baseline
' Experii’nent Program 534G which are integral to the Space Station. Experi-
ment support equipment required to adapt the experiment to the Space Station
Modules is not included. This support equipment will be provided under the

Experiment Integration WBS box,

Task Summary
A, DDT&E
Includes all design and development effort for each FPE.

B. Operations ‘
Includes all effort for refurbishment updating and integration of

éxperimenting to FPE level ‘subs-equent to the initial launch.
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WBS 52

EXPERIMENT INTEGRA TION (ISS)

Definition

Experiment Integration consists of those tasks and onboard experiment
support eqﬁipment required to integrate the integral experiments with the
Space Station modules. It includes experiments launched with the Station
and those experiments planned for separate launch during the operational
phase. It includes: |
Design integration of interfaces, procedures and software.
Experiment support hardware for adapting experiments to the Space
Station, including development and production effort. This experiment
support equipment is unique to the integration task and the individual
FPE. .
Test integration using the FIT
Production integration of flight experiments

GSE integration where required

Integration tasks continuing after launch of the Space Station Modules will

utilize the FIT for installation and checkout verification.

Work Breakdown

A. Design, Development, Test and Engineering

1. Initial Engineering

a, Support Interface Analysis and Design Coordination -
This task assumes that a completely defined experiment
related interface, including Experiment Support Equipment,
Experiment Support, and accommodations by the other
Space Station Subsystems, is provided and that this inter-
face is the basis for the experiment design.

b. Design special experiment support equipment flight hard-

ware required to accommodate each experiment,
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‘Provide experiment integration, installation and check-

out requirements, procedures, analysis and reports
related to integration or development of flight experiment

equipment with the FIT.

Provide installation'an& checkout requirements, pro-

cedures, analysis and reports related to integration of
flight experiment equipment with the Space Station prior
to launch and in orbit.

Design special test equipment and fixtures for experiment

~ integration (non-flight hardware).

Test Operations

a,

b-

Conduct experiment support equipment development and
qualification tests, ’

Conduct experiment integration activities on the FIT,

Production Planning and Tooling

a'.

C.

Provide manufacturing engineering for production of
onboard éxpei'iment support equipment and for installation '
and checkout of experiments. |
Design and fabricate experiment handling fixtures and
equipment,

Provide Production Planning.

B. Production

1.
.2.

Operations

Manufacture special onboard experiment support equipment,

Install and checkout the onboard experiments and support

equipment whi;ﬁh are included in the vehicle at launch. Conduct

integrated testing,

No Task - In-orbit installation of experiment equipment is included in flight

operations,

119



WBS 761

LOGISTICS MODULE SYSTEM (ISS)

Definition : :
The Logistics Module (Lo‘g M) is a system utilized for Shuttle transport of
cargo (exclusive of crewmen) and in-orbit storage of consumables in support

of the Modular Space Station Program during the ISS phase.

Four Logistics Modules will be required. At least one remains in-orbit

docked to the ISS, at all times after ISS activation.

Task Summary
A, DDT&E
Includes all effort for deéign and development of the Log M

Initial Engineering
Test Operations including two ground test vehicles
Production planning and tooling |
B. Production
Includes all effort to produce and deliver four Logistics Modules.
Procurement
Fabrication, assembly and test
Production support '
Spares for in-plant and launch operations use

| C. Operations

No Task - ali_ effort is included in Launch Operations and Flight
Operations WBS boxes. - '
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WBS 369

GROUND SUPPORT EQUIPMENT (GSE) (ISS)

Definition v ‘
This WBS box includes all costs associated with providing GSE for the
Space Station Project, including: '

‘Space Station Modules GSE

Integral Experiments GSE

Logistics Module GSE

Launch Operations GSE

Flight Operations GSE-

Test Articles GSE

The GSE for each of these systems is described in the individual WBS boxes.
The costs cover all effort to design, develop, produce and deliver the
required equipment or equipment modifications, Operations using the GSE
are covered in other tasks. All GSE costs are considered DDT&E (non-
recurring) since they would not recur for the launch of an additional

Space Station,

Tasks

Development Engineering - Includes all engineering effort for GSE analysis,

design, design support, development, test, manufacturing support, and GSE

checkout or acceptance tests.

Test Operations - Includes all effort required to conduct development tests
in support of GSE design. Such tests should be minimal. No qualifications
testing will be done on GSE. Software development and validations are

included in Space Station Modules (Level 4) test operations.

Production - Includes all effort for planning, tooling, procurement,

fabrication, assembly, test and delivery of GSE items,
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WBS 269

SPACE STATION MODULES CSE

Description

This WBS box includes all GSE which interfaces directly with Space Station
modules hardware during checkout, acceptance test and delivery. It will
also be utilized for prelaunch and launch operations where applicable. The
GSE described is developed for use with the test and flight articles.
Maximum use will be made of existing GSE, either as-is or modified.
Equipment in the following categories is required.

A, Integrated Checkout Equipment which provides capab111ty to perform
system level testing of the clustered flight modules and the FIT.
One set of equipment will be provided for use at the manufacturing
location and will then be utilized for the FIT use. It will consist
of approximately 20 standard electrical equipment cabinets plus
interconnecting cables and umbilicals. Approximately 25% of this
equipment will be required at the launch site to support processing
of the flight modules after which it will be used by the FIT.

1 set.

B. Servicing equipment to provide fluids or expendables to the Space
Station during checkout for thermal conditioning equipment, water
management, cooling system, atmospheric supply and P/RCS
propellants.

2 sets.

C. Access eq;J.ipment for manned occupancy for both horizontal and
vertical module orierntation during ground checkout including light-
ing and ventilation kits, communications, cabling, and external
stands and covers, 2 sets,

D. Handling and protection equipment for the Space Station modules,
solar arrays, and major components and equipment. 3 sets.

E. Electrical GSE consisting of radar frequency interference test set,
maintenance test sets, and general purpose electrical equipment,
2 sets.

F. Transportation equipment consisting of transporters, covers,

restraints and environmental control for the Space Station module,

and electrical power supply. 3 sets,
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WBS 309

INTEGRAL EXPERIMENT GSE

Description _ _

Experiment GSE is that equipment required to support experiments to be
integrated into the Space Station Modules. It includes checkout, handling,

" shipping and servicing equipment. Equipment will be provided by the
experiment contractor. Nature of the items will depend upon the particular
experimenf. One set of the peculiar GSE for each FPE will be required.
Items provided for oﬁe experiment wiil be utilized on others where common

requirements exist,

WBS 261

LOGISTICS MODULE GSE

Description
This WBS box includes Logistic Module unique equipment required for hand-
ling and checkout of the Logistics Module. (Servicing equipment is con-

sidered part of the Launch Operations GSE),

Handling and shipping equipment is required for delivery (air shipment)
of modules, storage and transportation including dollies for four modules at
KSC, and handling equipment for installing the module in the Space Shuttle

orbiter.

Checkout equipment will be required for acceptance test and prelaunch

checkout of the module.
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WBS 279

LAUNCH OPERATIONS GSE

Description

Launch operations GSE includes modified or new equipment required for
support of the Space Station and Logistic Modules or integrated experiments
during preparation and launch, but which is not already included in GSE

required for manufacture, handling and checkout,

These requirements will include launch equipment used for servicing of the
Space Station or experiments, equipment for handling of pad-installed items,
and for operation or monitoring during 1;1unch. Any Space Statioh peculiar
control or monitoring during launch; and any Space Station peculiar control
or mohitoring consoles required in launch control for countdown monitoring

will be included,

Also, included is sustaining logistics GSE for Space Station resupply and
maintenance. This would include handling equipment for large replaceable
items and servicing equipment for supplying expendables to the Logistics

Module.
WBS 289

FLIGHT OPERATIONS GSE

Flight operations GSE includes any specialized equipment required to support

planning, flight operations, communications, command and control of the
Space Station, logistics provisioning, logistics modules, and installed
experiments. Requirements should be minimal since use of existing capa-
bility will be designed for wherever possible. Ground network and syn-
chronous satellite communications, command and control functions are

excluded.
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WBS 299

TEST ARTICLE GSE

Description

The set of electronic VGSE used by the flight articles will be required for use
with the FIT, which will be in operation preceding and following the Space
Station Module Checkout and launch. It will be used to support the FIT and

to develop the GSE interfaces and checkout and launch procedures. Support-

ing service and access equipment will also be required.
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WBS 491

LAUNCH OPERATIONS

Definition

"This WBS includes all contractor, NASA and support agency costs attribut-
able to the KSC launch operations associated with the Space Station Project.
It excludes similar effort attributable to the Space Shuttle systems or
experiment modules. It includes site activation prior to Space Station
delivery, "all preparations and conduct of launch, and post-launch operations.
It also includes inplant contractor support of the launch operations. All

costs are in the Operations category.

A minimum cost philosophy will be followed appropriate for a one-time
opefation. This will consist of a task force approach with the majority of
the launch operations crew made up from some of the personnel who have
conducted assembly and checkout of the Space Station prior to delivery.
These personnel will be on TDY to the launch site for approximately

seven months,

Contractor Tasks

Includes contractor and subcontractor effort for Space Station elements and

integral experiments. Consists of the following effort:

Launch Site Operations

Site Activation

Launch GSE Installation and Maintenance

Joining to Shuttle, Interface Check with Shuttle and Transportation to pad.
Pad Checkout |

Countdown

Launch and Ascent

Post- Launch Deactivation
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Total on-site contractor personnel for Space Station Project launch oper-
ations is an average of TBD for nine monfhs of which TBD follow each
module to the launch site and return to the factory after module launch. A
sustaining group for module launches will be TBD personnel which could be
common to all Shuttle payloads or returned to the factory after the third
module launch,

Inplant Support

Effort required at the contractor's plants in direct support of launch
operations including:

Engineering technical support

Administrative support

Manufacturing/Procurement support

NASA and Support Agency Tasks (costs excluded per NASA direction)

Includes NASA and range support agency activities in support of Space
Station Project launch requirements. Consists of the following effort:
Overall management and administration |
Support services - safety, security, transportation, communications,
etc.
Data acquisition and processing services during checkout
Tracking communications, and monitoring of the Space Station during

ascent and injection into orbit (part of the ground network operations).

Post-launch support for deactivation operations.
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WBS 591

FLIGHT OPERATIONS

Definition

Flight operations consists of rﬁission operations and mission operations
support functions. Mission operations support if comprised of mission
analysis and planning, flight operations support, experiment operations sup-
port, logistics operations support, and administration of NASA and Con-
tractor operations. These operations are applicable to the Space Station,
integral experiments and the attached and free-flying modular experiments

which are controlled or monitored from the Space Station.

This WBS excludes basic costs of the logistic transportation system for
delivery of personnel and resupply to and from orbit. These costs are in
the Space Shuttle operations. Also not included are the flight crew training

and equipment and the ground network for communications and tracking.

NASA Tasks (Costs excluded per NASA direction)

Mission Operations Support - Includes NASA effort required to administer the

mission operations support function comprised of Mission Analysis Planning,
Flight Operations Support, Experiment Operations Support and Logistics
Operations Support. Included are:

Administrative and Management Functions

" Project Planning and inter-program/agency planning

Mission Analysis and Planning - Includes the NASA effort required to
administer the planning function for the Space Station project. This includes:
Coordination with NASA Center, users, etc.
Establishment of priorities
Mission planning and scheduling direction
Overall requirements of mission operations

Establish Orbital Procedures Requirements ( Users Handbook, etc.)
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Flight Operations Support - Includes the NASA effort required to provide
‘the real time ground suppoff of the Space Station orbital operations and
crew training. This includes: |

Flight Control .

Administration of Flight Operations function

Ground network provisioning and opérations*

Data écquiéition* A |
Hardware change authorization
Flight crew training (persohnel and hardware provisioning)
Simulation and simulation pfovisioning
Data distribution*%* |

Experiment Operations Support - Includes NASA effort required to provide
real time ground support of Space Station orbital operations. This includes:
Coordination with user agencies and NASA Centers
Direction of experiment operations function

Real time data evaluation

Logistics Operations Support - Includes NASA effort required to replenish
expendable supplies and equipment needed to maintain ground and orbital
operations. This includes:

Management of Logistics Operations Support

Facility Operations

Procurement Administration

Inter and intra program coordination for logistics functions

Establishment of Shuttle schedules/availability/services for Space

Station

Contractor Tasks

Mission Operations - The astronauts and Pl's are provided by NASA, all
hardware elements have been accounted for elsewhere and logistics opera-

tions support provides all consumables/replenishment.

- %*Ground network costsvprovildl'e'd by NASA,

**Hard copy data distributed by Logistics Operations support function.
Soft data reduced and distributed as ground network costs provided by
NASA. - ' o o .
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Mission Operations Support - This is a NASA management task and includes
no contractor functions. All contractor tasks are contained in the next

functional level.

Mission Analysis and Planning - Includes Space Station contractor, experi-
ment contractor and subcontractor effort required to provide the planning
function for the Space Station project. This includes:

Mission Plans (including Timelines) generation and maintenance includ-

ing long (10 yr) and short (90-day wifh 30-day incremental update for

intermediate shuttle flights)

Schedules

Procedures (orbital operations handbook, etc.)

Configuration Authorization

SS Project interface with other programs/projects

Consultation with flight crew for system or experiments

Long term trend analysis

Logistics flight planning (including‘requirements. to Shuttle Project)

Flight Operations Support - Includes the Space Station contractor effort
required to provide the real time and near real time ground support of the
Space Station orbital operations and crew training. This includes: |
Support of Flight Control
Real Time Maintenance Operations Support
Real Time Orbital emergency support
Ground crew training (includes both flight control ground crew and
launch operatidns ground crew) (See attached table)

Short term trend analysis

Experiment Support Operations - Includes experiment contractor effort
required to provide real time ground support of Space Station orbital
operations, This includes:
- Experiment Coordination
Experiment Operations Planning Support

Experiment Support ( GPL Equipment, EXP-SS Subsystem Compatibility)
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Logistics Operations Support - Includéd Space Station and experiment
contractor effort reqﬁired to replenish: expendables supplied and equipment
needed to maintain ground and orbital operations. This includes:

Inventory Management and Maintenance

Configuration Management

Cargo Handling

Procurement

Testing

Logistics Module Maintenance Handling

Refurbishment and Support

Consumables Monitoring ‘

Maintenance of Launch Operations, Mission Support GSE

Resupply of expendable items, spares and supplies to the Space Station

Mockups/FIT

Interface Control
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FLIGHT OPERATIONS ATTACHMENT
OPERATIONS PERSONNEL TRAINING REQUIREMENTS

| ' Average
Average Duration
Number Training
‘ Operational Total Classroom/
Personnel Description and Period Recruitment O0.J.T.
Astronaut/Flight Training provided by NASA
Controller
Experiment Scientist Provided in NASA furnished experiment costs
P. I. Representative Provided in NASA furnished experiment costs
Flight Controller/ 235/10. 5 years 575 3 mo/6 mo

Mission Support
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WBS 81 and 82

TEST ARTICLE '""N"

Definition

This WBS item ihcludes all contractor hardware costs attributable to the
project/system level test articles required for the Space Station Project
during the design or deveiopme_nt phases. It excludes mockups, structure

" test vehicle and subsystems test articles. It includes restoration of
available test components to functional condition, fabrication of structure,
installation and wiring of subsystems and their assembly into a test article.
Test operations using Test Article ''N'f are covered in the Space Station
Modules ( Level 4) WBS,

Test Requirements

- A flight test program and test article GSE will not be required.

- Test articles consist of a functional model (FM/ship set) and a
flight integration tool ( FIT /Integration Fixture).

- Subsystems needed for integration into the test articles will be the
same hardware that is used in subsystem development and qualifi-
cation tests. (See subsystem quantities tabulated under the Space
Station Module Subsystems definition, )

- The FIT will also be utilized as a configuration verification tool for

subsequent experiment/subsystems changeover and control.

WBS 82

Functional Model (FM Description)
The FM is a set of equipment used for integration of the Space Station

Module subsystems and for development and integration of all onboard
computer programs ( onboard checkout, guidance and navigation, control,
data management, etc.). It will consist of functional electronic subsystems
with interfacing elements from other subsystems plus software and general
purpose nondedicated computing capability. The Logistics Modules also

utilize a Functional Model for development.

The subsystem equipments will be assembled on a laboratory arrangement
or racks suitable for functional hookup and access for development. No
primary flight type structure is required.
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WBS 81

Flight Integration Tool (FIT) Description

The FIT is a flight configuration Space Station Module. It will contain all
subsystems in their flight configuration except for some items which will be
replaced by substitute items suitable for the ground test role and with the

addition of provisions required for 12 years of operations on the ground.

It is used initially to develop and verify the installation and operation of the
subsystems. After the subsystems are operating it will be used to verify

the installation and interfaces of the integral experiments.
After launch the FIT will continue to be used for integration of experiments
and for checkout of subsystem modifications which are to be installed in

orbit.

Contractor Tasks

Fabrication - Includes Space Station Module contractor and subsystem/
assembly subcontractors., Where subsystems/assemblies previously
fabricated under the Space Station Module design and development activities
are to be utilized in a dual role, no fabrication task is required. However,
restoration of these subsystems/assemblies to functional condition is
included. (See Table of quantities under the Space Statilon Module Subsystems

definition).

Assembly - Includes Space Station Module contractor assembly of Test
Article '""N',
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WBS 64

SYSTEM SUPPORT

Definition _

This WBS item includes all contractor costs attributable to Systems Support
for the Space Station Project during design, development, production and
operations, System Support includes initial system engineering, engineering
integration, all sustainihg engineering and prod_uctioh checkout engineefing,
System Integration encompasses these functions for the Space Station Modules.
System support relates the Space Station Modules to the rest of the Space

Station Project systems,

Excluded is NASA Technical and engineering effort in support of the Space
Station Project, It is included in NASA Program Level System Support.

Design, Development, Test and Engineering (non-recurring)

System Engineering - includes the initial system analysis to define Space
Station Project réquirements.
System analysis of performance énd operations requirements
Special studies and trade studies
System cost-effectiveness evaluation

Interface requirements definition

Engineering Integration - Covers integration of engineering effort during
initial design, develdpment and qualification, This consists of engineering
functions which are not directly for design and development of the individual
flight hardware and GSE end items, but which are required as part of the
overall engineering effdrt. This includes: |

Design and development plans and schedules

Interface control ‘ ' _

Test and checkout integfation and plans

Design performance evaluation

Engineering configuration control
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Effectivehess Engineering -
Reliability |
Mainta.inability _

Safety :
Human Factors

Value Engineering

Production (recufring) o
Engineering Integration - Continued integration of the overall engineering
effort during production and acceptance test of flight hardware and GSE,
Includes:

Monitoring and control of change requirements

Interface coordination |

Analysis of design, manufacturing and checkout performance

Effectiveness Engineering - Sustaining effort to monitor changes and

production operations,

Sustaining Engineering - Includes all engineering effort in support of flight
hardware and GSE production, plus other required (Class 2) changes after
initial release of production drawings. This includes:

Engineering analysis and design changes

Support of fabrication and assembly requirements

Production Checkout Engineering - Includes engineering effort to conduct
factory checkout and acceptance tests of the Logistic Module, Space Station
Proj.ect orbital syétem and supporting GSE, (Manufacturing effort in support
of checkout is covered in the Logistic Module [Level 4] WBS box, )

Operations (recurring)
Engineering Integration - Continued engineering integration effort during
launch and flight operations phases, including:

Monitoring and control of engineering changes

Analysis of operations performance data

Interface coordination
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Effectiveness Engineering - Analysis in support of operations requirements,

Sustaining Engineering - Engineering analysis and design changes (Class 2)
required during launch and flight operations, including:

Design changes to Space Station Project systems

Design changes to GSE |

Changes required to accommodate experiments
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WBS 124

FACILITIES

Definition _

This WBS includes allv'contract'or, NASA and support agency costs attributable
to modifying, leasing, designing, fabric'atinngr performiné’; site exploration

( civil engineering) for an industriai or governmeht facility required by the
Space Station Project during design, development, production or launch/
flight operations except those provided by the Ground Network and synchro-
nous satellite communication institutional base and those provided by NASA

for crew training.

Facility Descriptions

Contractor development and production operations will utilize minor
modifications to existing industrial facilities for access and services

requirements of the Space Station.

Government facilities for launch and flight operations support will include:

1. Vertical Assembly Low Bays - Modifications to four existing
unused low bays for servicing, processing and loading of the
Logistics Module.

2. Logistics Building - Modification of an éxisting hangar type building
(Shipping & Receiving Building) for logistics supply functions includ-
ing stocking of Space Station supplies and storage.

3. Manned Spaceflight Operations Building - Modification of high pay
‘area in the existing facility to accommodate the FIT and ancillary
equipment for experiment integration. The FIT may be located
elsewhere but is identified here tb identify representative facility
mods,

. 4. Mission Support Center - Modification of existing facilities (e. g.,
MCC-Houston for use in support of resupply operations and orbital

operations.
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"~ Contractor Tasks (DDT&E/Non-recurring)

- Prepare facility criteria for industrial modifications or leases,

includes Space Station Project contractor and subcontractors.
- Design, modify or lease industrial facilities

- Prepare interfacing facility criteria for government facilities

NASA and Support Agency Tasks (DDT&E/Non-recurring)

- Design and modify required government facilities in the launch,

mission control, or recovery areas.
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WBS 34

PROJECT MANAGEMENT

Definition o

Project Management includes all contractor effort for management of the
Space Station Project elements, including the integral experiment items,

It covers all general management functions, including the management of
technical effort, but does not include system engineering or other technical

tasks which are covered in the System Support WBS box.

Excludes NASA Project Management effort in support of the Space Station

Project, .

This effort, as defined below, continues through DDT&E, Production and

Operations phases,

Contractor Tasks

Contractor Project Management functions include the following:
Program Planning and scheduling |
Financial Planning and Control
Configuration Management
Production and Procurement Management
Test Operations Management
Quality Assurance Management
Logistics Support Management
Engineering Management, including administration and engineering
business systems and support functions.

Contract and Documentation Management
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 WBS 300

RESEARCH AND APPLICATIONS MODULES PROJECT (ISS & GSS)
The RAM Project consists of all separately launched RAM Modules which

 carry experiments that are not integrated in the Space Station, Effort
included in this projéét,coveré DDT&E, Production and Operations tasks to

design, develop, produce and opefate these experiments and modules,

The Baseline Program (534G) assumes that the following items are included
in the RAM Project:

3 Free flying modules
- 11 attached modules (3 are reworked) for a total of 14 attached

module launches,
- 17 FPE's
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